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NEUROPROTECTIVE MACROCYLIC COMPOUNDS AND 
METHODS FOR THEIR USE 

FIELD OF THE INVENTION 

5 The present invention relates to novel peptidomimetics containing a macrocycle 

and methods of their use. In particular, this invention relates to the neuroprotective 
activity of such compounds. More particularly, this invention relates to the use of these 
compounds and pharmaceutical compositions thereof in the treatment of diseases and 
conditions characterised by neuronal degeneration and/or death. 

10 

BACKGROUND 

The degeneration and/or death of cells in the nervous system are a major factors 
in many diseases and medical conditions. Such diseases and conditions include traumatic 
brain and spinal cord injuries, stroke, neural perfusion secondary to cardiac arterial 

15 bypass, graft surgery (CABG), Parkinson's disease, Alzheimer's disease, multiple 
sclerosis, amyotrophic lateral sclerosis and other neurodegenerative diseases. It is of 
interest to prevent or decrease such cell death arid degeneration. 

Certain compounds are useful as neuroprotective agents. One such compound is 
insulin-like growth factor 1 (IGF-1) (Scheepens et al, WOOO/13650). IGF-1 is a naturally 

20 occurring peptide that can decrease the binding of glutamate to the glutamate receptors of 
neurons (Bourguinon, US Patent No. 5,804,550). IGF-1 can also decrease neuronal 
degradation caused by damage and disease. IGF-1 can be cleaved by proteolysis in vivo 
into desi.3 IGF-1 and the N-terminal tripeptide Gly-Pro-Glu (GPE). GPE and analogues 
have been found to be neuroprotective (Gluckman et al, US Patent No. 6,187,906 

25 incorporated herein by reference), by inhibiting cell death induced by a variety of 
diseases and conditions. 

However, such peptides are far from ideal for the treatment of neural death and 
degeneration especially as they are rapidly metabolised in vivo. There is a need for 
compounds that provide neuroprotective and neuroregenerative properties and are more 

30 metabolically stable especially as regards resistance to proteases. 
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The use of peptidomimetics to mimic the behaviour of biologically active peptides 
is common in the pursuit of a drug candidate. Peptidomimetics are more metabolically 
stable and protease resistant than peptides and they often adopt well defined 
conformations. Cyclic structures provide a rigid geometry that can be used to probe the 
bioactive confonnation of a given peptide. This rigidity conformational^ restricts the 
molecule and thus provides a method to design molecules with enhanced biological 
activity. 



SUMMARY 

10 



This invention provides for novel cyclic peptidomimetics that are GPE analogues. 
One aspect of the invention provides molecules having the structural formulae and 
substituents described below: 



15 




>^ H 

H 2 N H 2 N 
Formula 1 Formula 2 

In certain embodiments, compounds of Formula 1 and Formula 2 include 
20 substituents where: 

R 1 and R 2 are independently selected from the group consisting of -H, -OR', -SR' 
-NR-R', -NO* -CN, -C(0)R, -C(0)OR, -C(0)NR-R, -C^NRH', trmalomethyl,' 
halogen, alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
25 heteroaryl, arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted 
heteroarylalkyl; each R' is independently selected from the group consisting of -H, alkyl, 
heteroalkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 
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X is a linear alkyl or alkenyl chain of C0-C3. 




Formula 3 Formula 4 



5 

In other embodiments, compounds of Formula 3 and Formula 4 include 
substituents where: 

R 1 and R 2 are independently selected from the group consisting of -H, -OR 1 , -SR*, 
-NRTR', -N0 2 , -CN, -C(0)R', -C(0)OR', -CCCONR'R', -CCNR^NRR', trihalomethyl, 

10 halogen, alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted 
heteroarylalkyl; each R 1 is independently selected from the group consisting of — H, alkyl, 
heteroalkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 

15 X is a linear alkyl or alkenyl chain of C0-C4. 




NH 2 

Formula 5 Formula 6 



20 In other embodiments, compounds of Formula 5 and Formula 6 include 

substituents where: 

R is independently selected from the group consisting of -H, -OR 1 , -SR*, -NR'R', - 
N0 2 , -CN, -C(0)R\ -C(0)OR\ -C^NRTR', -CCNR^NRR', trihalomethyl, halogen, alkyl, 
substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted alkenyl, 
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alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted heteroarylalkyl; each R 1 is 
independently selected from the group consisting of -H, alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 
X is a linear alkyl or alkenyl chain of C 0 -C 4 . 



In other embodiments, compounds of Formula 7 and Formula 8 include 
substituents where: 

R is independently selected from the group consisting of -H, -OR 1 , -SR', -NR r R t , - 
N0 2 , -CN, -C(0)R', -C(0)OR', -C^NR-R', -CCNR^NR/R', trihalomethyl, halogen, alkyl, 
substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted heteroarylalkyl; each R' is 
independently selected from the group consisting of -H, alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl. 

Other aspects of the invention provide pharmaceutically acceptable salts of the 
compounds described in formulas 1-8. 

In still other aspects, this invention provides pharmaceutical compositions 
comprising a phaimaceutically acceptable excipient and a therapeutically effective 
amount of at least one compound of this invention. These compositions find use as anti- 
apoptotic and anti-necrotic agents and for other conditions involving neural degeneration 
or injury. 




Formula 7 



Formula 8 
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In yet further aspects, this invention provides a method of treating an animal 
having a disease or injury capable of treatment by administration of a suitable compound, 
comprising administration to that animal of at least one compound of this invention, 
optionally in conjunction with at least one other conventional therapeutic agent for the 
5 disease being treated. 

In still further aspects the animal to be treated is a human. 

In still further aspects, this invention provides methods of preparing the 
compounds of Formulas 1-8 of this invention. 

In yet other aspects, this invention provides methods of synthesising, formulating 
10 and preparing pharmaceutical preparations comprising compounds of Formulas 1-8 of 
this invention. 



BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a graph showing effects of (2S, 3'S, 8'R, ITS) 2-{[(3 > -Amino-l'-aza— 2'- 
15 oxobicyclo[6.3.0]-undecyl)-ir-carbonyl]amino}-l,5-pentanedioic acid trifluoroacetate 
salt 48 on neuronal survival in animals following excitotoxic oxidative stress. 

. FIG. 2 is a graph showing effects of 2S, 9'R, 12 , S>2-{[(1^4 , -Diaza-2 , - 
oxobicyclo[7.3.0]dodecyl)-12 > -carbonyl]amino}-l,5-pentanedioic acid trifluoroacetate 68 
on neuronal survival in animals following excitotoxic oxidative stress. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

"Alkenyl" refers to an unsaturated branched, straight chain or cyclic hydrocarbon 
radical having at least one carbon-carbon double bond. The radical can be in either the 
25 cis or trans conformation about the double bond(s). Exemplary alkenyl groups include 
allyl, ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, cyclopentenyl and the like, hi 
some embodiments the alkenyl groups are (C 2 -C 6 ) alkenyl and in other embodiments allyl 
can be particularly useful. 
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ABcyi" refers ,„ . saturated ^ ^ or ^ 

radical. Exemptay afcyl groups tac Iude methy. ethyl, isopropy., eye lo p ropyl> te „. blMyI 
J~»«M. hexy. and .he Bire. z» some e mbodini e nts ^ ^ ^ „ £ 

5 nu, I ^ yr ^ tomm ^ rfbr ^^^-cyo1iehyd K ,earbo 11 

T ^ Carb0n " Ca * <M ^ ^ "-de 

eftyny! , propynyl, butynyI> isobuty]lyl ^ ^ fc fc ^ ^ 

group is (C 2 -C6)alkynyl. 

»0 e.ec,ro„ system. Exempt ary, groups Inctade phenyl, naphthy, and Ore i*e to some 
embodrments the aryl group is (C 5 -C 2(1 ) aryl. 

of «, k'T 8 " 0 "" ^ 40 " ^ ^ ^ or alkynyl group wherein one 

of are hydrogen atoms bonded to the temuna, earhon is repraced with an ary, group 
Bxemptary arylaiky, groups ineiude benzy,, naphthyhnedryi, benzyiidene and the Z. 

" «f , f T &C ' 0r '* ^ to " M " raCeUUlar Po'^^SuaUing mo,ecu,e ma, 
stimulates a cell to grow or proliferate.' 

reol J^TT" to " a " tyl "*« ^ ~ ° r — aro 

nTro i^ ! "* " H P ' °" S * »— W groups include 

pyridine, morphohne, piperidine, piperazine, imidazoline, pyridine 
!0 tenmydrofuran, (C,-C,„) substituted amines, (C 2 -Q) thioemers and the Hire. 

refers ro an ary. moiety wherein one or more earhon atoms are 
reptaoe wirh anottier atom sueb as N, P, O, S eto. Exempt beteroary! groups inelude 

otT *— * e, purine, pyraziue, pyrazoie, 

pyndazme, pyndme, pyrrole, thiazole, thiophene, triazole and the like. 

' "Injury., faeludes any acute or chronio damage of an imima. mat resuhs in 

degenerabon or dead, of ceUs in the nervous system Such ce„s mchrde neuronal ecus 
^d non-neurona, cel., Injury tacUl<tes ^ ^ 

miury, pennaul asphyxia associated with fetal dishess such as Mowing abruption, cord 
occmsion or associated wilb inhautenne grow* retardation, perinatei asphyxia associated 
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with failure of adequate resuscitation or respiration, severe CNS insults associated with 
near miss drowning, near miss cot death, carbon monoxide inhalation, ammonia or other 
gaseous intoxication, cardiac arrest, coma, meningitis, hypoglycemia and status 
epilepticus, episodes of cerebral asphyxia associated with coronary bypass surgery, 
hypotensive episodes and hypertensive crises, and cerebral trauma. It is to be undestood 
that the above examples are by way of illustration only, and are not intended to be a 
complete listing of injuries capable of being treated by the compounds and methods of 
this invention. 

A ''pharmaceutically acceptable excipient" refers to an excipient that is useful in 
preparing a pharmaceutical composition that is generally safe, non-toxic, and desirable, 
and includes excipients that are acceptable for veterinary use as well as for human 
pharmaceutical use. Such excipients can be solid, liquid, semisolid, or, in the case of an 
aerosol composition, gaseous. 

A "pharmaceutically acceptable salt" refers to a salt that is pharmaceutically 
15 acceptable and has the desired pharmacological properties. Such salts include salts that 
can be formed where acidic protons present in the compounds are capable of reacting 
with inorganic or organic bases. Suitable inorganic salts include those formed with the 
alkali metals, e.g. sodium and potassium, magnesium, calcium, and aluminium. Suitable 
organic salts include those formed with organic bases such as the amine bases e.g. 
ethanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and 
the like. Such salts also include acid addition salts formed with inorganic acids (e.g. 
hydrochloric and hydrobromic acids) and organic acids (e.g. acetic acid, citric acid, 
maleic acid, and the alkane- and arene-sulfonic acids such as methanesulfonic acid and 
benzenesulfonic acid). When there are two acidic groups present, a pharmaceutically 
acceptable salt can be a mono-acid mono-salt or a di-salt; and similarly where there are 
more than two acidic groups present, some or all of such groups can be salified. 

A "protecting group" has the meaning conventionally associated with it in organic 
synthesis, i.e. a group that selectively blocks one or more reactive sites in a 
multifunctional compound such that a chemical reaction can be carried out selectively on 
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another unprotected reactive site and such that the group can readily be removed after the 
selective reaction is complete. 

"Substituted" refers to where one or more of the hydrogen atoms on an alkyl, 
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl or arylalkyl radical are independently 
replaced with another substituent. Substituents include -R', -OR', -SR, -NRR', -N0 2 - 
CN, -C(0)R, -C(0)OR, -C(0)NRR', ,-C(NR-)NRR', -NR'-C(NR>OR', -NR-'c(NR> 
SR, NR'-C(NR')-NR-R', trihalomethyl and halogen where each R is independently -H, 
alkyl, heteroalkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl. 

A "therapeutically effective amount" means the amount that, when administered 
to an animal for treating a disease, is sufficient to effect treatment for that disease; that is, 
an amount that decreases adverse symptoms or findings, promotes desirable symptoms or 
findings, and/or treats and underlying disorder, and/or is curative. 

"Treating" or "treatment" of a disease includes preventing the disease from 
occurring in an animal that may be predisposed to" the disease but does not yet experience 
or exhibit symptoms of the disease (prophylactic treatment), inhibiting the disease 
(slowing or arresting its development), providing relief from the symptoms or side-effects 
of the disease (including palliative treatment), and relieving the disease (causing 
regression of the disease). 

Implicit hydrogen atoms (such as the hydrogens on the pyrrole ring, etc.) are 
omitted from the formulae for clarity, but should be understood to be present 

Compounds of the Invention 

One aspect of the invention provides molecules having the structural formulae and 
substituents described below: 

./ 
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FormuIal Formula 2 

In certain embodiments, compounds of Formula 1 and Formula 2 include 
substituents where: 

R ' ^ R2 m ^ependently selected from the group consisting of -H -OR' . S R 
«■ -NO,, -CN, -C(0)R, -ceo*)*, -CTO, -C(NR W ^alomemyl' 
Imogen, alkyl, substituted alkyl, heteroallcyl, substituted heteroalkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
he eroary , arylalkyl, substituted arylalkyl, heteroarylallcyl and substituted 
heteroarylalkyl; each R is independently selected from the group consisting of -H alkyl 
heteroalkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 
X is a linear alkyl or alkenyl chain of Co-C 3 . 

In further embodiments of the invention the compounds are compounds of 
Formula 1 where R'= -CH(COOH)-(CH 2)2 -COOH; R 2 =H; X= -(CH 2 ) 3 - 

In other embodiments of the invention the compounds are compounds of Formula 
1 where R»=-CH(COOH)-(CH 2 ) 2 -COOH; R 2 =Me; X=-(CH 2 )3- 

in still other embodiments of the invention the compounds are compounds of 
formula 1 where R'= -CH(COOH)-(CH 2 ) 2 -COOH; R 2 =allyl ; X =- (CH 2 ) 3 - 

In yet further embodiments of the invention the compounds are compounds of 
formula 1 where R»= -CH(COOH)-(CT 2 ) 2 -CH 3 ; R 2 =H; X= -(CH 2 ) 3 - 

In still other embodiments of the invention the compounds are compounds of 
formula 1 where R*= -CH(COOH)-(CH 2 ) 2 -COOH; R 2 =H; X= -(CH 2)2 - 

m further embodiments of the invention the compounds are compounds of 

17™ f X ? - CH(C0 ° H) » C ^ ^ X= -CH 2 -CH=CH-, (where 
the CH 2 of X rs adjacent to the carbon attached to the NH 2 group). 
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Formula 3 




*R 1 



25 



R 1 and R 2 are independently selected from the group consisting of -H -OR' . S R. 

2 '2 ?. " C(0)R '' - C(W 

todogen, aM, s „ bstltlltcd alkyl> 

alkenyl, alkynyl, substituted ^ ^ ^ 
heteroary arylalkyl, substituted m ^ ^ 

he^arylalkyl; each R' is independenfly selected from Ute group consisting of-H, aUtyl 
heteroallcy,, alkenyl, alkynyl, aryl, arybdky,, haeroaiyl ^ heteroarylalky , ' 
X is a Iniear alkyl or alkenyl chain of Co-G,. 

to tether embodiments of tb, invention the compounds are compounds of 
fonnula 3 where R = -CH(COOHHCH 2)! -COOH ; R 2 =H; X- -(CHsfc- 

h stiU other embodhnents of the invention the compounds are compounds of 
fonnula 3 where R'- ^chCCOOHWCH^-COOH; R 2 =Me; X-HCH,).- 

to yet tourer embodirnents of the invention me compounds are compounds of 

fonmulaSwhereR'-CiKCOOHWCH^-COOHjR^y^x.^CH,),- 

to tether embodiments of the invention me compounds axe compounds of 

fonnula 3 where R'= -CHCCOOHWCH^CH,; R*»H; X- -(CH 2 ) 4 1 

tocher embodiment of the invention the compounds are compounds of formula 

3 where R'= -CT(COOH)-(CH 2 ),-COOH; R*-H; X- -<CH 2)r - 

to still other embodiment of tire invention the compounds are compounds of 
&rnmla3whemR'^ H (CCK5 m cH 2 «OOH ; R^ :X =^H 2 .CH<a-CH 2 - 
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*'/v 



'/// x 

I 

NH 



9V 



Formula 5 



NH 2 

Formula 6 



In other embodiments, compos „f Formula 5 and Formula 6 include 
5 substituents where: 

R is independently selected from the group consisting of -H, -OR' -SR -NR-R' 
NO, -CN, -C(0)R, -C(0)OR., -C(0)NR^ -C(NR W tnhalomethyl^alo^n « 
subsntuted alkyl, heteroalkyl , substituted heteroalky]> ^ > 

alkynyl substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroary/ 
10 arylalkyl, substituted arylalkyl, heteroarylalky, and substituted heteroarylalkyl; each * is' 
mdependently selected from the group consisting of -H, alkyl, heteroalkyl, alkenyl 
alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 
X is a linear alkyl or alkenyl chain of C 0 -C 4 . 




C0 2 H 




20 , „ ^ ^ emb0dime "' S ' COm '»" mda ° f 7 and Formula 8 include 

20 substituents where: 

R is mdependently selected from the group consisting of -H, -OR', -SR', -MRW . 
NQ,, -C(0)R-, -C(0)OR, <XO», -CWJNR.R., Whalomemyl. halogen alky! 
-bstttuted a*yl, ^ substituted ^ J^J 



£l°S£? cketNo: »0« "SO DBB 

dbb/NRNZ/1051 US0.001.doc 



11 



Express Mail No: EV 327 623 047 US 



15 



alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl 
arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted heteroarylalkyl; each R' is 
independently selected from the group consisting of -H, alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl. 

5 In further embodiments of the invention the compounds are compounds of 

formula 7 where R=H. 

In yet other embodiments of the invention the compounds are compounds of 
formula 7 where R=Me. 

In yet further embodiment of the invention the compounds are compounds of 
1 0 formula 7 where R=allyl. 

Other aspects of the invention provide pharmaceutically acceptable salts of the 
compounds described in Formulas 1-8. 

In still other aspects, this invention provides pharmaceutical compositions 
comprising a pharmaceutically acceptable excipient and a therapeutically effective 
amount of at least one compound of this invention. These compositions find use as anti- 
apoptotic and anti-necrotic agents and for other conditions involving neural degeneration 
or injury. 

In further aspects, this invention provides methods of treating an animal having a 
disease or injury capable of treatment by administration of a suitable compound of 
Formulas 1-8, comprising administration to that animal of at least one compound of this 
invention, optionally in conjunction with at least one other conventional therapeutic agent 
for the disease being treated. 

In yet further aspects, the animal to be treated is a human. 

In still further aspects, this invention provides methods of synthesizing, 
formulating and preparing pharmaceutical preparations comprising compounds of 
Formulas 1-8 of this invention. 

Those with skill in the art will appreciate that the above structural formulae 
contam chiral centres, the number of which will depend on the different substituents The 
chirahty 1S only indicated for some centres. The chirality can be either R or S at each 
30 centre. The formulae drawings represent only one of the possible tautomeric 
conformational isomeric or enantiomeric forms, it should be understood that the 
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invention enco m passe S any tautomeric, conformational isomeric or enantiomeric forms 
which exhibit biological or pharmacological activity as described herein. 

Pharmacology and Utility 

5 ^° f ^^«.«o„ include to use of compos of ae fa ve„«ioa in 

treatment or prevention of eel! damag* degeneration and/or deam in mamtnak in 
response ,„ injury or disease. Son* embodiments eomprise detivering a composition 
contauung a compound of to invention to an annua, suffering tan neure, degeneration 
and m some eases, conditions invoiving apoptotic and necretic eel! death, nr some 
embodunents, compositions are desirabfc ,o treat an injury or disease of to CNS 
aifeoung or tiable to aflec, brain eeU, Compositions are provided that ean aJso include 
one or more otter agents tha, premote noma, regeneration, decease celt degeneration or 
death, or are neuroprotective. 

grew* factore and associated derivatives, e.g., insuun-lfce ^ ^ ' ' 
, msmm-like growtit factor-I, BGF-ls], to tirpeptide GPE, transforming growtb fe ctor- BI 
aetivrn, grow* hotmone, nerve grewm ^ ^ ^ ' 

I(jrF-binding proteins. 

20 f ■ ,r CT r p " K ' ofaetavenaMMudec ^ po ^ mdra *°*<>fp-moting 

20 tas.culahon of axons. By promoting fotmation of nerve bundles, compounda of to 
ntvatuon can be useful in treating conditions in which nerve processes (axons and/or 
dentin**) have become severed, such as in aha* force injuries, local areas of necresis or 
disease, or other localized injuries to nerve processes. 

In yet other embodiments, compositions and metods to treat or prevent cell 
damage and dead, in response to injuty and disease, inchtding CNS injury and disease 
compnse adtmmstration of a torepeutic amount of a compound of to invention alone or 
mcombmahonvrimomerageute.aftertoin.tit These embodunents can be particular* 
datable m stations of unexpected injury, such as in cardiac arrest, trauma L M head 

mjunea caused by automobile accidents, head wounds and the like. 
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In still further embodiments, compounds of the invention can be used either alone 
or in combination with other agents to prevent adverse effects of planned brain injury. 
Such conditions include CABG or other planned surgeries such as brain surgery, vascular 
surgery or other interventions that can lead to decreased perfusion of the nervous system. 
5 By treating an animal, such as a human being, in advance and/or simultaneously and/or 
after the surgery, adverse neurological effects maybe ameliorated. 

As indicated above, the present invention is broadly based upon the applicant's 
finding that compounds of the invention can protect cells, particularly nerve cells, against 
damage, loss of neurites, and/or apoptotic or necrotic cell death. 

10 It is herein demonstrated that compounds of the invention exhibit neuroprotection 

in cell culture models of neurodegenerative disease and can therefore be an effective 
addition or alternative to conventional therapies for neural degeneration. 

Although the mechanism of the protective effects is not known, one possible 
mechanism involves protecting cells from apoptotic and necrotic cell death. However, 

15 regardless of the mechanism of action, compounds of the invention can be used as an 
effective therapy for a variety of neurological diseases, including hypoxia, ischemia and 
neurotoxin-induced nerve damage. Moreover, compounds of the invention can be used in 
the absence of any particular neurological deficit to promote neurite outgrowth and 
fasiculation of nerves. Thus, in situations in which cell death is not necessarily 

20 associated with the neurological disorder (e.g„ axonal damage such as caused by spinal 
cord injury), administration of compounds of the invention may be an effective way of 
promoting neurite regeneration. 



Therapeutic Applications 

Compositions and methods of the invention find use in the treatment of animals, 
such as human patients, suffering from neural injury or disease. Still more generally, the 
compositions and methods of the invenuon'fihd use in the treatment of mammals, such as 
human patients, suffering from nerve damage or potential apoptotic and/or necrotic cell 
death, due to injuries and diseases. 



10 



Spectfic condition and di seases characterise(i by nelm>nal 
apoptosis and/or necrosis include but are not limited to Alzheimer* disease, Parkinson's 
dtsease, multiple sepsis, amyotrophic lateral selerosis, spinal mnseular attophy 
peripheral neuropathy, CreutzfeldMakob disease, AIDS dementia, progressive' 
supranuclear pajsy, myeunopattua eentraHs difiusa (vanishing white matter disease) 
chrome neutojegenerativ. disease, Hunnngtorfs disease, stroke, ischemio injury, hypoxic 
nrjury, reperfusion injury, head injury, CMS ttauma, epUepsy, cerebral isehemia 
glaucoma, retina! disorders, oprio neutnpathy, optio neuritis, Down* syndrome 
encephalomyelitis, meningitis, panencephalitis, netuoblastoma, schizophrenia and 
depression. Each of the above conditions exhibits pathophysiologic*! findings and 
aymptoms that are mimicked by nemotoxicity associated with glutamate toxicity. 

Still more generally, the mvention has application in the induction of nerve bundle 
formation renewing inaul, in tire form of ttauma, toxin exposure, asphyxia or hypoxia- 
rschemta. Additional ttte invention has application in the treatment or prevention of 
apoptoars in response to injury or disease in the fom, of cancers, viral infections 
autetmmuneoiseases, neurological disea.es and injuries and cardiovascular diseases ' 
Treatment can be given before an injury, for example, before elective surgery. 
Examples of relevant elective procedures include neura, surgery, in which rettaction of 
lobes of the brain can lead ,„ cerebral oedema, or hear, operations, such aa valve 
replacement, in which inevitable small emboli are said to lead te detecteble impairment 
of brain function in some 75% of cases. 

Determining Efficacy 

The anti-apoptotic and anti-neemtic activity of compounds of use invention can be 
measured by in vivo using cell counts by methods known to those skilled in tire art 
mcludmg ,he meuroda of Klemp, « a, (Hemp, e, n t 19 92, Molecular Brain HesearcH: 
13: 93-101), nucroscopic exanunationa of morphology, cell counts of surviving and dead 
neurons stained with mionin/ftchsin and dre like. Compounds of the invention can also 

30 methTT T *** "~ SPeC ' roSCOPy ' — « '—graphic 

JU methods known in the art. 
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*** cognthve function, and/or pmpenaity „ sefeure 
draclosrfhtstologicai techititpes srntab.e f„ r motoring effects „ vfM 

5 dose , " eraPetttiC raa0 " f 2 COmPO,md " Un<te,S,00d 10 * *• ««*> °f W the mean 

5 dose that causes adverse side effect over m me mean 

thetapentic effect Thn, f CaUSeS a desiraW ° 

low rl T , COmPO,mdS ^ ^ W »-»»* « -lative ly 

tow doses and ondestrabfe side effect a, high doses, the mempeutic ratio is > 

o rT" (or oaKr observab,e ■» *° — - ^ 

IZT^ ^ 3 h «-hemfc tojmv (Sitimanne e, a, I994 

Journal of Neuroscience Methods- 7 i>n „ a • 

(Mendel *«/ 1995* 7/ } eXpenmental — encephalomyelitis 

U 61 et aL > 1995 Immunol. : 25: 1951-1959). 

? Pharmaceutical compositions and administration 

Compounds of the invention can be administered as' part of * m ^ 
pharmaceutical preparation Thic • , P medicament or 

effect 11 COmPO ' U,dS ° f *" iDVMli0n Wi " be •*-*-— in ttterapentically 

effective amoonts by any of me nana] modes known in the art efther 7™**°" 

2r h ~ kflo8ram mass ° f ^ ^ - — *- - - 0.00 To* 

mg/kg bemg appropriate tor administration thronrf, *. ~ v ■ , . 

totiacerehroventtcnlar administration and hi^ d ^ ~* " * 

Wropria* for administration hy med^ ^ " ' 10 '°° ^ 

y mettMds «* » onl. systemic (e.g. transdermal), or 
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parenteral (e.g. intravenous) administration. A person of ordinary skill in the art will be 
able without undue experimentation, having regard to that skill and this disclosure, to 
determine a therapeutically effective amount of a compound of this invention for a given 
disease or injury. 

Compounds of the invention can be administered peripherally via any peripheral 
route known in the art. These can include parenteral routes for example injection into the 
peripheral circulation, subcutaneous, intraorbital, ophthalmic, intraspinal, intracistemal, 
topical, infusion (using e.g. slow release devices or minipumps such as osmotic pumps or 
skin patches), implant, aerosol, inhalation, scarification, intraperitoneal, intracapsular, 
intramuscular, intranasal, oral, buccal transdermal, pulmonary, rectal or vaginal. The 
compositions can be formulated for parenteral administration to humans or other 
mammals in therapeutically effective amounts (e.g. amounts which eliminate or reduce 
the patient's pathological condition) to provide therapy for the neurological diseases 
described above. 



Desirably, if possible, when administered as anti-apoptotic and anti-necrotic 
agents, compounds of this invention will be administered orally. The amount of a 
compound of this invention in the composition can vary widely depending on the type of 
composition, size of a unit dosage, land of excipients, and other factors well known to 
those of ordinary skill in the art. In general, the final composition can comprise from 
0.0001 percent by weight (% w) to 10% w of the compound of this invention, preferably 
0.001% w to 1% w, with the remainder being the excipient or excipients. 

Other convenient administration routes include subcutaneous injection (e.g. 
dissolved in a physiologically compatible carrier such as 0.9% sodium chloride) or direct 
admimstration to the CNS. Using stereotactic devices and accurate maps of an animals' 
CNS, a compound can be injected directly into a site of neural damage. Such routes of 
administration can be especially desired in situations in which perfusion of that location 
is compromised either by decreased vascular perfusion or by decreased cerebral spinal 
fluid (CSF) flow to that area. Examples include administration by lateral 
cerebroventricular injection or through a surgically inserted shunt into the lateral 
30 cerebroventricle of the brain of the patient, intraveneously, direct injection into the 
desired location or other routes. 



of a JT? r onn ' of coI,aponn<, in * e cns ° m hCreaSed * — — I- 

of a pro-drug torn, of a compound which a „„„„„„„ of fc 

7 T cmia is jotoed to a mi toveMion by a »*» * 

suscaphble to cleavage or digestion within «, pafien,. ^ suilaMe 
5 employed which wi„ be cleaved or dieted Mowing adnrinishahon 

to further embodiment of me invenrion, restoring nerve function in an anhnal ean 
compnse admrntsfering a merapenrie amonn. of a compound of me invention in 
.0 combtnahon with another neuropmtecfive agent, selected fiom, for examp.e, growl 

^f"f "ZT ^ Wl k*h 

Zm f , ttamf0mri,,g -*> —* ■— • • «™ 

gmwm factor, gmwm hotmone binding pmfein, IGF-binding profeina [especially IGFBP- 

3], beam fibroblast ^ facto, acidic fibroblast growm factor, me hatfKfgk gen e 

Z r. 3 ' ^ FGM ' ~"* ^ ^Scn-indnccd 

^tor Addmona, members of fhc FGF family inchl<ie , fer 

grow* factor homologona factor-, (FHF-1), FHF-2, FHF-3 and FHF-4, kararinocyte 
grow* factor 2 , gnaKacivating ^ FGp . 10 ^ ^ J* 

2 PMP-2], ghal-cel, hnc derive* neurotrophic factor, acfiviry-dependan, ne.noh.phlc 
ftctor, cytokine leukaemia inhibiring factor, oncoshmn M, interlenkm), a- fi. y. or 
consensus interferon, and TOF-a. Omer forma of neumprotecfiv. mempeuue'agen* 
■nclade, fcr example, clomethiazole; kynurenic acid, Semax, tacrolimus, L.mreo-,- 

25 StZTTTT^^ 1 ^ ^ocorucotropin^o. analogae 
[ORG 2766] and dtzolcpine [MK-801J, selegilme; g lu mma,e antagonista such as 

NPS1506,GV1505260,MK-801 GV150S5fr aarpa . • ' 
, ,„ ' 5U1,OV150526 > AMPAa nMgomstasuchaa2,3-dihydroxy- 

^mtm-T-snlfamoyme^oCf^oxaline (NBQX), LY303070 and LY300I64- and 
mflammatory agent directed agains, me addressta MAdCAM-1 and/or its integrin «4 

30 "^^•^''"^^•^^^(ATCCaccession 
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The compound can be administered by a sustained-release system 
-amp.es of sustained-retease composing i„ clude semi-penueable pTll 
*e to of shaped ^ ^ or * Snst J^T " 

include polylactides (U.S. Pat No. 3,773 919- EP .« Jm , "mMces 
5 -~,- L - gl «ama,e (^ S^^ 
hydroxyetbyl methacrylate) (La„ g er a a/ , / "T* - ^ 547 " 56 )- P°W2- 

Cbyieneviny, ace^e (Laager e,j 19 "ry J ' J ^ *~ '* 

>3-,ydro*ybu«yric acd (i ■ 3 98 f S t 7 267 >> 

■ip-maUyemrapped co~ L SUSla,Md - rcteaSe indude a 

.0 memos ^ ^ ^ 12^" """^ *" « «~ * 

142 64. • Jmn p ' ^ 32 ' 322 ' EP 36 ' 676 ' EP 88 .<M«> EP 143 949 EP 

142,641, Japanese Pat. Appln. 83 . m 44 8 ,„. 5 ' . ' 43,949 ' EP 

EP 102,324. Ordinary «be liposomes are of me Zl .1 ^ 44,545 ' ^ 

An^ms) nnilamellar type in which the „ „ " ab °'" 2 °° 10 800 

percent cholesterol the sLl * «"~ »- °»°« 30 mol 

15 merapy. P ~ **» «*- * me most efficacious 

(soluuon, suspension, or emmsion) with a^ « « ' ^ 
— . U., one ma, is non-tosic » 7 

Generally, the formulations are preoared Jw ™ * 
-d intimate,, with Bquid ^ /Z^^T C ~ ^ 
-ssary, fc ^ is 8haped ^ fc ~ J* — if 

parenteral carrier, more vrefer^u, , . inferably the earner is a 

1 -plant. B,amp, K of ^ l^TJZ & * " ^ " * 

buffered soluuon, and dexurKe soluS™ M ' ^ ' 

emylo.eatearea.so^e^ 0 "- a< " KOUS ^ - «"d °* - 

^^r^rr r ra - - — - - 

- dos.es and conchas ~ '° ^ - 

Attorney Docket No: NRNZ 1051 TKn nnn 

dbb/NRNz^os, US0.00 Jof 1 US0DBB » Express Mai, No: EV327 623 ^ 



20 



25 



30 



«* W mofecutar wetgb, 0KS ta abou , _ 

po.ynter* snob a, p****™*™, ^ ^ ^ such 
hiaudine, or ^ moDosaccharidK 

n y ^ ° r ** — • «- " 

dexbtn, ehetabng agents ^ as mA . sugar ^ sud] • 
eounter-tons snch as sodiuin; such ^ JJ^ 

/3 md ^ icall >' fem » h '«''»^vehi C ,e S a t apHof ft o mo ; abolIt45 
» WU * unde.tood ^ of certein Qf ^ 

be a stable liquid or lyophiHzed solid. 

adjuvan^vTH ^ C ° mP<>Und iD *— — — can alao inciude 
are a btnder such aa acao,a, con, stocb, or ^ e![cipimt 

c*U„,ose ; a tbsin^ agen, ^ starch or ^ . .^J^ 
r_ « a swettnin , agen , ^ „ _ oi flavouita ^ 

«d» b> 0. above materials, ft can a,so contain a Uooid carrier suob aa a Ly oil 

in of U.e dosage unit A syrup or ehxir car, contain «be active compound, a JeLer 
-* - sucrose; proves Uke propy, paraben , . ^ ^ ^ ~ 
agen, sucb as cneny. Sterib, composilions fer ^ ^ 

c_na, p_ri C a. ^ por ^ ^ 

~:t fa a veMcie ^ * ° r * ~ - £ 

sesan*, pea™, or coaonseed oil or a s^tneuc fatty vebicle bke efty, oteate or the like 
may be dea,red. Buffer, preserves, antioxidants, and tbe UK. cL be inco^rl 
acoonimgtt.aoeeptedpharmaoeutioalpw.ice. '"coq.ora.ed 
For injecbon, Biventricular administranon, and other invasive ntntea of 
—.to, the co mp ounds used m „st be s.eri.e. Sterihty ^ be aecontpUabedraTy 
m«bod known . fc for exa^pie 8terile ffltration 
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0.2 micron membranes). Therapeutic compoaitiona generally are nlacrf • , 
having a stoKfe acceaa pen, for exampfe, an *JL^Z£?* " 
s^per abie ,o be pierced by a hypodermic injection needle. ^ ' 

A pharmaceutical formulation ordinarily will be «„^h • 

5 containers for examnl. • m or multi-dose 

"""ere, tor example, in sealed ampoules or vials »* m „„ 

lyophiii^ formutanon for reconathution A W " 6 °' Uti0n ° r 3 

.0 mX viais are fined ITToT, > * ' '^'^ ^ 

compound, and me reamnrj n ^ ' % ^ ~ «— * 

reconsmutmg J^^" T?** ^ ^ * ~ * 

,n a. ... ,y ° pl,,llzcdcoIn P<>und using bacteriostatic Water-for-M-*™, n 

10 be readdy appreciated ma, other dosage forma and types of nrenaral T 

al. are considered to be par. of mis invention. ' ^ ^ ~ *° -* md 

Preparation of the Compounds of this Inventton 

Wis.), Bachem (rlTcS^T*^" ^ (MflWa " kM ' 
- prepared by memoda 1^7^ ' ^ "~ ^ « 

Procedures delbed in 2 Steles T" " *" " to « 

20 Carbon Compounds vols 1 5 ™h 1991;Rodd' s Chemistry of 

Organic Realna, ol 7 ^ ^wT T' ^ I98 * 

Advanced Organic Chemi^'^ ^ "™ Y °* ^ «». Mtuch S; 

» Comprehensive £1 tS^^?* ^ - 
instances, amino acids m H ft ■ "a" 0 ™". VCH Pubhshers, 1989. In moat 

25 conrnrem^vJilttd r " ^ ~ -*» — • - ««* 

eaters are J^^^T-"''^ "*» ~ - ** — - 

30 crystaL^ oZa to ~ f ^ 
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All patent and literature references cited throughout the specification are 
expressly mcorporated by reference in their entirety. 

EXAMPLES 

«™p lesare o ff ^ bywayonn ^ aonoriyMdTOnotteendedtoiimit 
invention in any manner. 

General methods 

10 ee, A^T ^ ma " >gn,phy ™ »— — "chart*, 60 (40-60 urn ntesh) sUica 
ge Anaiyuca! to, layer chromatography was canied „„, ^ J 

f (ALUGRAMK ^ ™~> - eompounds Wsua.iL ^ £ 

. fluorescence, or heating of p la ,es ^ fa ^ ^ 

15 melting pomt apparatus and are uncorrected. 

Optical rotations were measlIrcd a , 20 „ c on a ^ Etoer ^ 

prcpared nt the soI ven, indicated a, the concentration specified ( mea8 uL m 
20 H 0n S PM,dn ^ S ~ °" ™* — «— The 

htom.de dtsc, A hroad signa. indeed h y hr. The fi^uencies M as absorption nraxim, 
are given mwavenumbers (cm' 1 ) maxima 

mutophc,* (s . ^ d . ^ , _ ^ dd _ douWet ^ _ * J 

are deacnhed m parts per ntiUion rclative „ CDClj md ^ ^ ^ 
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posmon «a degree of hybridization as determined by DEPT experiments, and 

1 ?' t ^ ^ referenCed — • CDC.3 (6 77.0). Wben two 

pmbne am.de bond, the chemica, shifl for the minor c£s ^noer is marxed 1 an 

Hexane^TbT T™" " ° n * VG " 7 ° SB — 

H»ane and mchloromelhane were disoUed prior ,„ use . Me^o. was dried using 

ZT" "* ^ ^ ^ ^ *^ ~ dried 

over calcium bydnde and distilled under nitrogen. 

Analytics, HPLC was perfonned on a Watem 600 system using « ^ 
Ecouoaphere C.8 RP cohmrn (150m m „ 4 . 6 ^ A 5 ^ .J^^ 

O05/. nrfluoroacebc ac,d) to acetonitri.e over 25 mins was use, a, a flow ra ,e of , J 

Z., PUrifiCa4im ™ Econosi! CIS RP coiumn (250nun x 

22mm) was used under iaocranc conditos, typify 80% water (c0 ' ^ 

mfluomaceticacidW/.acetonibilca.aflownueofUnUmin-. 



20 
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Example 1: Synthesis of(2S, 3'S, »W-i.»JW. 



C0 2 C(CH 3 ) 3 




C0 2 C(CH 3 ) 3 



.CF3CO2H 



(v)Pt0 2( H 2 ,THF, RT .6 h . ^CoT^cZr s * * ' " " 2 "** 



1 0 N-tert-Butoxy-(S)-allyl s lycine 2 

A S ° lution of allylglycine 1 (0.1 g, 0.87 mmol) and sodium hydrogen carbonate 
(0.08 g, 0.96 mmol) in water/dioxane (1:1, v /v, 4 cm 3 ) was cooled to 0 °C, di-^-butyl 
dacarbonate (0.07 g, 0.32 mmol) was added and the solution stirred for 2 h at 0 °C Di 
^-butyl dicarbonate (0.07 g, 0.32 mmol) was then added and the solution stirred for a 
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«- 2 h mo*. after which toe mrther di-^-buty, ,H caibonate (0 , & ^ 

was added a*, the sohrtion aUowed .w™^ t^npe^e and st^ed ovenugh, 

Z X Z™ T"* ""^ ^ ~ - «> * aad the resuftan, residue fas 
" ™ - J- — with eme, and a. auueous ,ayer acidified with 2M a,„eous 
> hydroddonc ac.d and exited with ethy, acetate. Tee combined 0IS anic .aye-a were 

(0.H * « 72/.) as a co,our,ess ofl. This materia, was used as such for the subset 
step^ Carbamate 2 was shown ,o be a 73:27 mixture of roomers: * (400 MHz; CDCfe- 

C ™ rn 513 " 5 20 (2 73H - »* 5 - 70 - 5 ' 80 M m, 

2M (CH 3 , C(CH JH . 30.3 [C H 2 , CH 2 (aU yl)] , 52 . 7 (CH , ^ ^ ^ J 
,uat C (CH3)J] , S,.o- ( ,ua,, C^M „ 9 . 2 (C H, -CH,,, 132 , [CH , 
155.4 (qua.., N C0 2 ). IW (qnat , NC o 2 ), md 17<u ^ ,. CO) d ' 

N-tert-Buly^Syallylgfycl-^aylproline methyl ester 4 

W^Mcyclohexylcarbodiinnde (0.1 g, 0.49 mmol) was added ,0 a stirred 
so ution of (^yiprom.e methy, ester 3 (0, g, 0.4, mmo,). ^uLy-^ 

«2Z ,Z T ^ N " h ^— C OtiS g, 0.4SO mmo, Z 
^hytamne (0.07 cm', 0.4 86 mmo,) in dicmommethane (,„ cm') a, 0 X. The mixture 
was stirred ovemtgh, a, mom tempemture, mftigemted for 2 h and flUered through 
Cehte mmmovedicyc.ohexyiurea. The mtmte was washed with saturated aoueous 
^.um hydmgen carbonate, 2 M aqueous hydremic .id, dried <Na 2 S0 2 ), fiftered and 
ft seven, removed to yie,d an oi, which was punned by chromatography <Si0 2; 4-, 
3,. hexane-ethy, ace**) to a«brd „ene 4 (0.04, g, « 23%) as a co,our,ess oU. Diene 
4 exrater, exausively as the » m CyC^-NPro confonnen 4, (400 MHz; CDCV 

Z« L94 " 215 (4H - " **** ^ " 5 W ^ 

aUy,.«,H B(Pro)] , 2 . 50 [1H , p, y aHy^/^),, 2 . 62 (IH _ dd _ y , 4g ^ 
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™ yft 318 [1H > dd - y 14 -' - «■ 3.65-3.80(5H, m, OCft and 

P"S-H 2 ), 4.46 (1H, dd, J ,5.4 and 6.7, Glya-H), 5.08-5.25 (5H, „, 2 x -CH 2 and N-H) 
and 5.63-5.86 (2H, n, 2 x C(/,>CH 2 ); * (100 MHz; CDCfe) 23.6 <CH 2 , Proy-C>, 28 2 

CH 2 (aUy])Pio], 48.5 (CH„ ProS-Q, 51.6 (CH, G,y a -C), 52.2 (CH* OCH,), 68.5 ( q ua, 
Pnxx-C), 79.6 [ q ua t , C (CH jW , „8.5 (CH 2 , -CH 2 ), „9., (C h 2 , -CH 2 ) ,32 7 TOT 

^ 1554 ~ **» 1702 
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(3* 8S )-l-A™-3-(tert-butyloxycarbonylam^ 
oxobicyclo[6.3. 0Jundec-5-ene 5 

A aolu,™ of freshly tert . butoxide ( „ mg 

^ *y tetrahydrofuran (1 cm*) was added to a steed suspension of 1,3^(2 4 6- 
^ylphenyO^-dmyd^^onnn, lehafluoroborale (0.07 g, 0.0,77 nnnol) in' *y 

was used to rn.se the remauung potassium tert-butoxide from the reaction flaak The 
^oycloh«yh ) hoaphJn.)hen 2 yUdine n «h^ dichloride (Grubbs's eatahyst) (0.010 g, 

2 * beo2ene 00 cm3) was "** - *• «— - » 'C 

di JTtJ" brOWn SOl "' i0a "** 10 ^ -•«— - " solution of 

T^zz : °- 1 " nimo,) fa <4 ° — - - - 

Ih d I « ^ SOl, " i0n ™ C °° ,ed to dimethyi 

aufchox.de (0.043 g , 0.56 nuno.) was added and toe mixture steed overnight The 

so ven, waa removed in vaeno and «he residue pnriBed hy chromatography (sTo 2 2 t 
1=.. hexane-emy, acetate) to give afcene 5 (0.022 g, 58%, as a greeniah oih Alle 5 ' 
88 *» — Wo -86.3 (e 0,83 in CH,C, 2 ) 

6,, 9-H.Ha), 2.66 (IH, dd, , ,4.8 and 8.2. 7-H A H B ), 2.80-2.90 (,H, m, 4-H A H 8 ), 3.04 
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3.83 (1H, m, 11-H A H B ), 3.78 (3H, s, OCH,), 4.97-5.04 (1H, m , 3 -H) 5 52 5 63 »„ 
« an, N-H) and 5.74-5.79 (,H, m, 5-H); 6, (I0 0 MHz; C^ ™ ,0 O 

^ H, C), .32.2 (CH, 6-C), ,54.8 (,uat, NCO,), 17..5 ( a »at, 2 -C) ^ I73 . 7 (qilat> 8 . 



.o -M*^^^ -** a 

To a solution of alkene 5 (0.022 g, 0.065) in dioxaae (0.7 cm 3 ) was added 1 M 
aqueous sodium hydroxide to v> ™' n J ™ aa<ted 1 M 

-Pe^ero.^rCl^l'T: ^^^^^ 
Th „ , waterwas added and the tmxture washed with dichloromethane 

The a, U e„us layer was acidified wim citric acid and the product extracted^ 
15 dtchioromertaue. The orgamc hyere were ^ ^ ^ J^TLC 

was added L-ghnamrc acid di-terr-buty, ester p-,o.uenesulphona te 6 (0.025 g oZl 
mmol, was added and the so.ufion cooled * 0 «C. famine (0 017 g 0 ,7 nZ 
and Ws(2-oxc-3-oxazolidinyl)phospnfaic chloride (0 021 . o n« , 
20 the solution stirred for 20 h The J"™"*® 021 g> 0 085 mmoI > ^ed and 
t™r ,., • • mMure was w « s °« i wlh 2M aqueous 

hydrochlonc actd, sahnated amreous sodium hydrogen carbonate, dried (NarfO,, fiZd 
and the solvent removed to yield an oil m nai ^ .. .. V"»u* mured 

(SO t ., , , t ( * WlUCh Was purified ^ chromatography 

co.orlesa ofi. ^ 7 exia^ „e,y as the cia C^NPro confonner: 
IS 0.25 m TO; 6„ (400 MHz; CDC13; Me,Si) 1.40-1.44 [27H, m 3 x CfCH ) W 55 
>.« (1H, m), ..78 OH, p, , 6.4), ,.89 (,H, td, 7 ,3.2 and 6 ,), I 9^ 

, H.ois^.y/ (2H, m, 6'-H and 2-H) 5 67-5 7Q m <:>it 
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27.9 [CH3, CmU. 28.0 [CH 3 , C(C Hj)) ], 28 . 2 [CH 3 , C(CH, W , 31 5 (CH, 4 O 
(CH, 6 -C), ,56.3 (qua.. NCO,), ,70.5 (qua,., 2--Q, ,7,.9 (qua,., 8--C0) 

(2S J, 2-ff r y ■■o X o b „.3.0] MiecylH ■- carbmv l ]amino} . 

'.S-pentmtdiolcacidfiifluoroacetateseltn 

' 004. ^ 000,&00M ^° 0WaS ^ toa ^-lut i o n ofa ra dc7(0.025 g 
0.044 nnno,) m .e^finnn (4 cn , 3) ^ . ^ * 

^gena,ed (, a*, of h^en) for „ h , flltered ^ ^ ^ 

XfC 0 , ^ r'*" ~ ^ fa «— — <3 en*. « fluoroacetic 
I!* T S °"" i0n ^ fM 4 h M ^ ««•«""» R-va, of «»e 

™ W T VaCM -** * ^ - — * - - be ineomp.e.e 

H» «ta was Wore redded in W™^^^ ^ ^ , 

cm ) and *. so,uuon sfeed a, roon, tmfm ^ m for 2 . 5 h . ^ ^ 

- te .eaMue purified o y KP HPLC t»N — WWOK ^ (eon,aunn 8 

(0.0,67 a 8,./„, m 2 step8) as a nygroaeopio „hi,e aofid. Maexoc.Ce 8 exL 
T ItT ^ C(0>NPI0 C ° nf0ra,er: - 75 " 85 ° C: t* ~ «■ » MeOH). 
(4H, m , 5 -HaHb, 6--H A H B , 4'-H A Ha and 10--H A H B ), 1.98-2.13 (4H m 4--H H 

M 7.5 3.68 (1H, d, , ,4.2 and 7.4, .,--H A Ha), 3.79 (1H, d,, J 14 . 0a nd 75 „•- 

H.Ha), 4.20 (,H, dd, J 11.2 and 6.3, 3-H) a™, 4.53 (,H, dd, 1 10.2 and 4.9, 2-H>- a! ( 00 

MH^, 20 .4 (CH, ,0--C>, 2,. 2 CCH2 , 6-C>, 22 , (CH, 5^ 24.8 (CH. 3 p 0^ 
CH,4^),31, (CH 2 ,4,C), 36.4 (CH.7.-C), 40.9 (CH a ,9,C). 49.1 (CH 3 vST 2 

(CH, 3^, 52 . 4 (CH , 2-C), 70.9 (qua., r<» 1,6, (quat, <, , 291> Uu & 2 uZ 

* > 36.0, CF3CCH), ,69.4 (qua,., 2 , Q , ,74.6 (qua,., 8--CO), ,75.3 (qL. i^d 
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177.0 (quat, 5-Q; m/z (FAB+) 356.1830 [MH(free base) + . C 16 H 16 N 3 0 6 requires 
356.1822]. 

Example 2: Synthesis of(2S, 9% 12'S)-2-{[(V^-Diam-r-oxobicycM73.0]dodecyl). 
12'-carbonyl/amino}-l,5-pentanedioic acid trifluoroacetate salt 



H 
9 



10 



T 

C0 2 C(CH 3 )3 
11 



C0 2 C(CH 3 )3 



(iii) 



C0 2 C(CH 3 ) 3 
12 



(iv) 




C0 2 C(CH 3 ) 3 ' 



(v) 



C0 2 C(CH 3 ) 3 
13 




H | H 
H 

14 



H | H 

H 

15(41%) 



CH ™ ^tToT^T attd * ieids: ® 70% Caq) HC10 4 , **-BuOAc, RT, 24 h (56%);(u) DMAP 
CH 3 CN, RT, 19 h (95%); (iii) LiEt 3 BH, THF, -78 °C, 1 h then 30% HO 0 °r fi «T. « wf'" 
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(vi«) P.O,. H* THF, RT, 16 „ S 3^ H^O^ ?** < ?* C ^ refU "- 48 h « *« ^MSO RT. 24 



Grubbs catalyst = J | , ( \CI 



Ph PCy„ 



5 
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(S)-tert-Butylpyroglutamate 10 

Perchloric acid (70% aqueous, 0.521 cm 3 , 6.05 mmol) was added dropwise to a 

stirred suspension of (5)-pyroglutamic acid 9 (1 g, 7.75 mmol) in tert-butyl acetate (12 
cm , 85.5 mmol). The mixture was stirred for 24 h then sodium carbonate (0 80 g 7 60 
mmol) was added cautiously, ether was added and the organic phase washed' with 
saturated sodium hydrogen carbonate solution and brine. The aqueous phase was 
extracted with ethyl acetate, dried (MgS0 4 ), filtered and the solvent removed to yield an 
o.l to which was added carbon tetrachloride and the solvent evaporated in vacuo to 
remove traces of acetic acid to give ester 10 (0.81 g, 56%) as a white solid: <fc (300 
MHz; CDCla; Me 4 Si) 1.48 [9H, s, C(CH 3 )], 2.33-2.45 (4H, m, 3-H 2 , 4-H 2 ), 4.12-4 16 
(1H, m, 5-H) and 6.16 (1H, br s, N-H); * (75 MHz; CDC1 3 ) 24.7 (CH 2 , 4-C), 27.8 [CH 3 
C(CH 3) ], 29.2 (CH 2 , 3-C), 55.9 (CH, 5-C), 82.3 [quat, C(CH 3 )], 170.9 (quat, 5-CO) and 
177.7 (quat, 2-C). 



15 (S)-tert-Butyl N-tert-butoxycarbonylpyroglutamate 1 1 

To a solution of ester 10 (0.85 g, 4.58 mmol) and dimethylaminopyridine (0 056 
g, 0.458 mmol) in acetonitrile (40 cm 3 ) was added di- te r/-butyl dicarbonate (1 12 g 5 50 
mmol). The resultant solution was stirred at room temperature for 19 h, concentrated /„ 
vacuo and purified by chromatography (Si0 2 , 4:1, 3:1 hexane-ethyl acetate; gradient 

20 elution) to give carbamate 11 (1.24 g, 95%) as a white solid: mp 53-55 °C (lit 54-56 °Q- 
<5» (300 MHz; CDC1 3 ; Me 4 Si) 1.48 [9H, s, C(CH 3 ) 3 ], 1.50 [9H, s, C(CH 3 ) 3 ], 1.93-2.03 
(1H, m), 2.16-2.35 (1H, m), 2.40-2.66 (2H, m) and 4.47 (1H, dd, .79.4 2.7, 5-H)- So (75 
MHz; CDC1 3 ) 21.6 (CH 2 , 4-C), 27.8 [CH 3 , C(CH 3 ) 3 ], 31.0 (CH 2 , 3-C), 59.5 (CH, 5-C) 
82.2 [quat, C(CH 3 )], 83.2 [quat, C(CH 3 ) 3 ], 149.2 (quat, NC0 2 ), 170.3 (quat, 5-CO) and 

25 173.4 (quat, 2-C). 

N-tert-Butoxycarbonyl-5-allyl-L-proline tert-butyl ester 13 

To a stirred solution of carbamate 11 (1.14 g, 3.98 mmol) in dry tetrahydrofuran 
(40 cm ) was added a 1 mol I/' tetrahydrofuran solution of lithium triethylborohydride 
30 (4.78 cm , 4.78 mmol) at -78 °C under at atmosphere of nitrogen. The solution was 
stared for 1 h, saturated aqueous sodium hydrogen carbonate (10 cm 3 ) added and the 
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coohng bath removed. The temperanne was ^ „ reach „ „ c ^ 
hydrogen peroxide (30 drops) was added and stirring was eonnnued a, 0 «C for 30 mm 
The aqueous .ayer was extracted with ether and the cabined organic extracto were 
washed wtth brine, dried (MnSOsi filter ™s «. , . 

„„. . < Mg!>u <>' mtere ° and the solvent removed to give alcohol 12 

0.1 g) whrch contented -8% of 1, as detemmred by >H NMR. The erode alcoho. 12 
"7^ " *" 00 cm') and added dropwise to a sorted so«„„ 

of tnflate (1.44 cm', 7.96 mmo.) and a llyl «but yI stennanc (2.46 cm' 7 96 

mmoO m dry dichteromethane (20 cm") at -78 »C under nitrogen. The sohmon was 
^nred a, 78 °C for 2 h, sataated aeneous sodium hydmgen carbonate (.5 cm') was 
added ^ me reaction warmed to room temperas. The aqueous ,ayer - exited 

rdrT^ " *• p °° M ^ *" ~ «■**• 

Remo™. of me soiven, ,„ raa(0 gave m oiI p ^ g) ^ ^ 
chromatography (SiO, 8:., 7:,, hexane^hy, acetate; gradient e.„rion) to sffcrd an oil 
0.047 g contaminated with tributylstennane residues. Further chromatography (Si0 2 
12:1, 10:1, 8.1, hexanes-ethyl acetete; gradient elation) gave alkene 13 (0.872 g 70% in' 

2 steps) as a co.our.ess oil. Alkene 13 was shown to be a 57:43 mixture of C(2yc(5) 
„ isomem: * (300 MHa; CDCfc MesSi) 1.4M.45 [18H, m , 2 x CfCH^, ,.67- 

3 79™ ^ ™« 239 - 2 " OH, m, CH^yO], 
3 79-4.18 (2H, m, Proc-H aad ProS-H), 4.99-5.08 (2H, m, =CH 2 ) and 5.67-5.85 [IH m, 
CWHSM: * (75 MHz; CDCI3) 26.6 (CH* Proy-C), 27.4 (CH 2 , Proy-Q, 27 . 8 (C h 2 
Proy-Q, 27.86 [CH, C(CH 3)j ,, 27.92 (Cft, CfOfeM, 28.25 (CH, C(CH 3W 83," 

« r^rir- prap - c) - 294 (ch * 302 » - £ » 

CCH 2 , CHrfaHyl)], 38.5 [CH,, CH 2 (a,lyl)], 38.98 (CH 2 , CHrfaHy,)] 391 fCH 

str? ?£r* 580 (ch ' ^ 606 (ch - *™- c >- ~ « ^ : 

OOTM. 116.9 (CH 2 , -CH 2 ), 1.6.99 (CH 2 , =CH 2 ), W.O (CH* -CH 2 ) 135 !2 (CH 
CXHhCH* .35.2 (CH, OJ^CH,), .35.5 (CH, CW-OW. 153.7 ( q uat «£! .m 
<~ NCO,, .54.3 (q ua,. ;NC02) , .72, (q „at„ Proc-CO), ,72.2 <qW3>S 
172.3 (qua.., Proa-CO); »» (EI + ) 3,2.2171 (M*. C, 7 H M NC, requires 3.2.2175). 
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OS, 2S)-5-Allylproline tert-butyl ester (trans) 14 and (IS, 2R) 5-allylproUne tert-butyl 
ester (cis) 15 ~ 

To alkene 13 (0.24 g, 0.77 mmol) was added a 4 mol L'« solution of hydrogen 
chlonde in dioxane (4 cm 3 ) at 0 °C. The solution was stirred for 1 h at 0 <>C then room 
temperature for 40 min at which time reaction was complete (by tic). The mixture was 
cooled to 0 °C, neutralized with a saturated solution of aqueous sodium hydrogen 
carbonate and the product extracted with dichloromethane. Removal of the solvent in 
vacuo gelded an oil (0.142 g) which was purified by chromatography (Si0 2 2-1 5 4 M 
hexanes-ethyl acetate) to give (i) amine 14 (trans) (0.051 g, SP/o) ^ a c ' olourless oi / 
This compound showed no NOE between the Proa-H atom at 53.70 and the ProS-H atom 
at 53.26 : [<x] D -31 (c 0.47 in CH 2 C1 2 ); * (300 MHz; CDCI3; Me 4 Si) 1.35-1.41 (1H m 
Proy-^He), 1.43 [9H, m, C(CH 3 )3], 1.72-1.90 (2H, Proy-H A ^ and Prop ^H B ), 2.11- 
2.20 [3H, m, Pro P H A H B and CH 2 (allyl)], 2.47 (1H, s, N-H), 3.26 (1H, p, J 6.5, Pro6-H), 
3.70 (1H, dd, J 8.5 and 5.9, Proa-H), 4.98-5.10 (2H, m, =CH 2 ) and 5.73-5.84 [1H m 
C(*)=CH 2 ]; *(75MHz;CDCl 3 ) 27.9 [CH 3 , C(CH 3 ) 3 ], 29.5 (CH 2 , Pro P -C), 30.7 (CH 2 ' 
Proy-C), 40.8 [CH 2 , CH 2 (allyl)], 57.6 (CH, Pro5-C), 59.7 (CH, Proa-C), 80.7 [quat.! 
C(CH 3 ) 3 ], 116.1 (CH 2 , =CH 2 ), 136.0 [CH, C(R>CH 2 ], and 174.9 (quat, Proa-CO); (ii) 
amine 15 (cis) (0.066 g, 41%) as a colourless oil. This compound showed an NOE 
between the Proa-H atom at 53.57-3.62 and the ProS-H atom at 63.03-3.12: [a] D -22 1 (c 
0.66 in CH 2 C1 2 ); <fc (300 MHz; CDC1 3 ; Me 4 Si) 1.24-1.30 (1H, m, Proy-tf,H B ), 1.42 
[9H, m, C(CH 3)3 ], 1.78-1.87 (2H, Proy-H A Zfc and Pro P -^H B ), 1.98-2.07 (1H, m, Pro P - 
n A H B \ 2.18-2.31 [3H, m, CH 2 (allyl) and N-H), 3.03-3.12 (1H, m, ProS-H), 3.57-3 62 
(1H, m, Proa-H), 4.99-5.1 (2H, m, =CH 2 ) and 5.72-5.86 [1H, m, C(#)=CH 2 ]; * (75 
MHz; CDC1 3 ) 27.9 [CH 3 , C(CH 3 ) 3 ], 30.4 (CH 2 , Pro P -C), 31.1 (CH 2j Proy-C), 39.9 [CH 2 
CH 2 (alIyl)], 59.1 (CH, Proo-C), 60.5 (CH, Proa-C), 80.8 [quat., C(CH 3 )], 116.5 (CH 2 , 
-CH 2 ), 135.5 [CH, C(H)=CH 2 ], and 174.3 (quat, Proa-CO); m/z (CI+) 212.1647 (MH*. 
Ci 2 H 22 N0 2 requires 2 1 2. 1 65 1). 
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( t!! f' Mfyl ' N ' b ^ **** ester (trans, ,« 

» choxane (4 cm*) at 0 o C . The ^ ^ o^C ^ 

5 temperature for 35 min after which time „w r ° 0m 
cooled to 0 o C n * , ^ "Z 111011 ^ reaCtlonwascom ^te (by tic). The mixture was 
cooled to 0 C, neutrahzed with a saturated solution of aqueous sodium hvdr 
carbonate and the product extracted with a- m . hydrogen 

i' uuuci extracted with dichloromethane. Removal «f «u, i 
v«c« 0 yielded an oil (0 568 that , ^- , removal of the solvent m 

was aooeo trie*^^ ^ To T " * Ch, ~"° <*> *> 

t *) (0.29 g, 24/4) as a colourless 0 U. Diana 18 was shown to ba a l ., 
trans. cts mixture of GIvCfOVNPm <• . Be a 1:1 

estate ^^Z^T^ZTT^ 

1="*. s, MCHjy, 1.48 [9H „ CYCH,),1 1 74 7 71 ivnj „ „ 
'0 CH 2 (allyl)l 3 J4(0SH H ,«« J ' ' ^ roP " H2 • Pr °'- Hj md 

^ 5 m i™ (aUy,) ' WH -* 4 - 98 - 5 - 25 <*■ - 2 

x -CH 2 ), 5.56-5.88 T2H m 2 * rfri\~nxi i 

CDC1 3 ) 25, CChJ^C o ^^ "t" 7 W - « * C« ^ 

C or Proy-C) 26 2 (CH Pro R r o ^ " 2616 

' PtBT-Q. 29 3 ' I ^ 8 ^ C(CH3W - 3 (CHJ ' ^ « 

1^*12, Frop-C or Prov-Cl 20 4 /mr t> n ^, 

, ^ ^ ^ y - 4 ( CH 2, Prop-C or Proy-C) 36 9 rPTT 
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67.3 (CH 2> OCH 2 Ph), 67.4 (CH 2 , OCH 2 Ph), 81.1 [quat., C(CH 3 ) 3 ], 82.3 [quat., C(CH 3 ) 3 ], 
116.9 (CH 2 , =CH 2 ), 117.1 (CH 2 , =CH 2 ), 117.2 (CH 2 , =CH 2 ), 117.6 (CH 2 , =CH 2 ), 117.7 
(CH 2 , =CH 2 ), 118.1 (CH 2 , =CH 2 ), 118.2, (CH 2 , =CH 2 ), 127.6 (CH, Ph), 127.8 (CH, Ph), 
127.9 (CH, Ph), 128.2 (CH, Ph), 128.3 (CH, Ph), 133.3 [CH, C(H)=CH 2 ], 133.4 [CH, 
C(H)=CH 2 ], 133.6 [CH, C(H)=CH 2 ], 133.8 [CH, C(H)=CH 2 ], 134.9 [CH, C(H)=CH 2 ], 
135.0 [CH, C(H)=CH 2 ], 136.5 (quat., Ph), 156.0 (quat, NC0 2 ), 156.37 (quat., NC0 2 ), 
156.42, (quat., NC0 2 ), 167.1 (quat., Gly-CO), 167.3 (quat., Gly-CO), 167.4 (quat., Gly- 
CO), 167.6 (quat., Gly-CO) and 170.9 (quat., Procc-CO), 171.0 (quat., Proa-CO), 171.1 
(quat., Proa-CO); m/z (EI+) 442.2455 (M+. C 25 H 34 N 2 0 5 requires 442.2468); (ii) a mixture 
of 17 and 18 (0.044 g, 4%); (iii) diene 17 (cis) (0.424 g, 36%) as a colourless oil. Diene 
17 was shown to be a 1:1 trans :cis mixture of GlyC(0)-NPro conformers. In addition, 
restricted rotation about the GlyN-CO carbamate bond was also observed resulting in a 
1:1 mixture of conformers: [a] D -39.2 (c 0.57 in CH 2 C1 2 ); <5» (400 MHz; CDC1 3 ; Me 4 Si) 
1.43 [9H, s, C(CH 3 ) 3 ], 1.45 [9H, s, C(CH 3 ) 3 ], 1.47 [9H, s, C(CH 3 ) 3 ], 1.49 [9H, s, 
C(CH 3 ) 3 ], 1.69-2.49 [5.75H, m, Pro(J-H 2 , Proy-H 2 and CH 2 (allyl)], 2.78-2.84 [0.25H, m, 
CH 2 (allyl)], 3.61-4.41 [6H, m, Glya-H 2 , CHi(allyl], Proa-H and ProS-H), 5.02-5.12 (6H, 
m, OCtf 2 Ph and 2 x =CH 2 ), 5.67-5.87 [2H, m, 2 x C(//)=CH 2 ] and 7.29-7.34 (5H, m, 
Ph); 8c (100 MHz; CDC1 3 ) 26.5 (CH 2 , Prop-C), 27.7 [CH 3 , C(CH 3 ) 3 ], 27.8 [CH 3 , 
C(CH 3 ) 3 ], 27.9 [CH 3 , C(CH 3 ) 3 ], 29.4 (CH 2 , ProP-C or Proy-C), 29.6 (CH 2 , Prop-C or 
Proy-C), 29.7 (CH 2 , ProP-C or Proy-C), 37.65 [CH 2 , CH 2 (allyl)], 37.7 [CH 2 , CH 2 (allyl)], 
38.9 [CH 2 , CH 2 (allyl)], 47.2 (CH 2 , Glya-C), 47.6 (CH 2 , Glya-C), 47.7 (CH 2 , Glya-C), 
48.0 (CH 2 , Glya-C), 50.2 [CH 2 , NCH 2 (allyl)], 50.3 [CH 2 , NCH 2 (allyl)], 50.8 [CH 2 , 
NCH 2 (allyl)], 50.9 [CH 2 , NCH 2 (allyl)], 57.8 (CH, Pro8-C), 58.5 (CH, Pro6-C), 60.2, 60.4 
(CH Proa-C), 60.5 (CH, Proa-C), 67.3 (CH 2 , OCH 2 Ph), 67.4 (CH 2 , OCH 2 Ph), 81.0 
[quat., C(CH 3 ) 3 ], 82.2 [quat., C(CH 3 ) 3 ], 116.9 (CH 2 , =CH 2 ), 117.0 (CH 2 , =CH 2 ), 117.5 
(CH 2 , =CH 2 ), 1 18.0 (CH 2 , =CH 2 ), 127.6 (CH, Ph), 127.8 (CH Ph), 127.9 (CH Ph), 128.0 
(CH, Ph), 128.3 (CH, Ph), 133.3 [CH, C(H)=CH 2 ], 133.4 [CH, C(H)=CH 2 ], 133.5 [CH 
C(H)=CH 2 ], 133.6 [CH, C(H)=CH 2 ], 134.1 [CH C(H)=CH 2 ], 134.3 [CH, C(H)=CH 2 ], 

134.8 [CH, C(H)=CH 2 ], 134.9 [CH, C(H)=CH 2 ], 136.5 (quat., Ph), 155.8 (quat., NC0 2 ), 

155.9 (quat, NC0 2 ), 156.38 (quat., NC0 2 ), 156.44 (quat., NC0 2 ), 166.95 (quat., Gly- 
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CO), 167.01 (quat, Gly-CO), 167.4 (quat., Gly-CO), 167.5 (quat., Gly-CO), 171.0 (quat 
Proa-CO), 172.2 (quat., Proa-CO) and 171.3 (quat., Proa-CO); m/z (EI + ) 442.2462 (M*.' 
C25H34N2O5 requires 442.2468). 

5 

(6Z, 9S, ^N-Benzyloxycarbonyl-lA-diaza-U-tert-butoxycarbonyl^- 
oxobicyclo[7.3.0]dodec-6-ene 19 

To a degassed solution of diene 17 (0.10 g, 0.23 mmol) in dry dichloromethane 
56 cm) was added bis(tricyclohexylphosphm e )benzyUdm e mmenium dichloride 
* (Grubbs's catalyst) (0.018 g, 0.023 nunol) under an atmosphere of nitrogen and the 
resultant purple solution heated at reflux for 24 h. Further 
bis(tncyclohe X ylphosphine)benzylidineruthenium dichloride (0.018 g, 0.023 mmol) was 
added and refluxing continued for 24 h, then the reaction mixture was cooled to room 
temperature and dimethyl sulphoxide (0.160 cm 3 , 2.3 mmol) was added and the 
orange/brown solution stirred for 24 h. The solvent was removed in vacuo and the 
rescue purified by chromatography (Si0 2 , 3:1, 2:1, 1:1, hexanes-ethyl acetate,) to give an 
almost colourless oil which was further purified by chromatography (C I8 RP silica, 100-0 
9.1, 9:3, 1:1, l :9 , water-acetonitrile,) to give alkene 19 [0.039 g, 42% (6 0 o/ 0 based on 
recovered starting material)] as a colourless oil. Alkene 19 existed exclusively as the 
trans C^-NPro conformer. In addition, restricted rotation about the N-CO carbamate 
bond was also observed resulting in a 1:1 mixture of conformers: [<x] D -118.2 (c 0 34 in 
CH**** WMH^CDCbjMe.Si) 1.46 [9H, s, C(CH 3 ) 3 ], 1.74 (1H, dd, J 11.8 and 
5-7, 10-^H B ), 1.93 (1H, dd, J 12.5 and 6.5, 11-^H B ), 2.11-2.45 (4H, m, 8-H 2 , 10-H A i/ fl 

nmT^f (1H ' ^ ' 157 ^ 5m 413 " 4 - 37 (4H ' m * 3 " H - 9 - H - 

12-H), 4.50 (1H, d, J 15.4, 5-H A tf,), 5.12-5.29 (2H, m, OCtf 2 Ph), 5.54-5.82 (2H m 6-H 
and 7-H) and 7.31-7.43 (5H, m, Ph); * (100 MHz; CDCI3) 26.7 (CH 2 , 1 1-C), 27.8 [CH 3 

5 C ™ ; 3 ,2 (CH2X 342 (CH2) ' 343 (CH2X 344 (CH2) - 439 < ch * 5 - c >. (ch 2 ; 

5-C), 48.5 (CH 2 , 3-C), 49.5 (CH 2 , 3-Q, 57.2 (CH, 9-C), 57.6 (CH, 9-C), 60 1 (CH 12- 
O, 67.6 (CH 2 , OCH 2 Ph), 81.2 [quat, C(CH 3hl , 126 .8 (CH, 6-C), 126.9 (CH, 6-C) 128 0 
(CH, Ph), 128.4 (CH, Ph), 128.7 (CH, Ph), 129.9 (CH, 7-C), 136.3 (qua,, £ ™ 
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(quat., Ph), 155.7 (quat, NC0 2 ), 167.8 (quat, 2-C), 167.9 (quat., 2-C) and 170.7 (quat., 
12-CO); m/z (EI+) 414.2157 (M*. C23H 3 oN 2 05 requires 414.2155). 

(9S, 12S)-h4-Diaza^-tert-butyloxycarbonyl-2-oxo-bicyclo[73tf 
acid Id 

To a stirred solution of alkene 19 (0.11 g, 0.263 mmol) in tetrahydrofuran (4 cm 3 ) 
was added platinum oxide (0.006 g, 0.026 mmol) under a flow of nitrogen. The mixture 
was hydrogenated (1 atm.' of hydrogen) for 16 h, filtered over Celite™, and the solvent 
removed in vacuo. The residue was dissolved in a solution of 30% hydrobromic acid in 
acetic acid (3 cm 3 ) and stirred at room temperature for 2 h. Removal of the volatiles in 
vacuo at 40 °C followed by repeated evaporation from methanol:water (3:1) yielded the 
hydrobromide salt which was dissolved in a solution of saturated sodium hydrogen 
carbonate (3 cm 3 ). Dioxane (2 cm 3 ) and di-tetf-butyl dicarbonate (0.07 g, 0.32 mmol) 
were added and the resultant suspension was stirred for 24 h, then further di-terf-butyl 
dicarbonate (0.07 g, 0.32 mmol) was added and stirring continued for a further 48 h. 
Water (10 cm 3 ) was added, the solution washed with dichloromethane and the aqueous 
layer was acidified with 2 M aqueous hydrochloric acid and extracted with 
dichloromethane. The combined organic layers were dried (Na 2 S0 4 ), filtered and the 
solvent removed to yield an oil (0.072 g) that was purified by chromatography (SiCfe, 
1:1:0.3, hexanes-ethyl acetate:acetic acid) to give acid 20 (0.05 g, 58%) as a colourless 
oil. Acid 20 existed exclusively as the trans C(0)-NPro confonner. In addition, 
restricted rotation about the N-CO carbamate bond was also observed resulting in a 72:28 
mixture of conformers: [<x] D +3.5-4.4 (c 0.23 in CH 2 C1 2 ); ,5k (400 MHz; CDC1 3 ; Me 4 Si) 
1-30-1.48 [11H, m, C(CH 3 )3, 8-H A H B and 11-^H B ], 1.63-1.79 (5H, m, 8-H A %, 6-H 2 and 
7-H 2 ), 2.01-2.07 (1H, m, 11-Ha^), 2.12-2.32 (2H, m, 10-H 2 ), 2.62-2.85 (1H, m, 5- 
H A H B ), 3.73-3.83 (1.28 H, 3-/fcH B and 5-11^/), 4.0 (0.72H, br d, J 14.2, 5-H A H B ), 
4.20-4.32 (1H, m, 9-H), 4.41* (0.28H, d, 78.0, 12-H), 4.50 (0.72H, d, /8.8, 12-H), 4.57 
(0.72H, d, J 17.8, 3-H A /fr), 4.69* (0.28H, d, J 16.5, 3-H A ifc) and 8.40 (1H, br s, OH); be 
(100 MHz; CDC1 3 ) 22.1 (CH 2 , 7-C), 22.6* (CH 2 , 7-C), 25.1 (CH 2 , 11-C), 25.7* (CH 2 , 11- 
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CV 26.6 (CH,, 6-C), 28.! [CH 5 , C (CH sW , 28J - [CHj , C(CH M , 32.5 (CH 2 , ,0-C) , 2 r 
OT> 10-C), 3,9- (CH,, 8-C), 36.3 (CH. 8-C), 50.3- (CH, 5-C), ^ 

m n "2 r; r 9 - q - 56o> <c * 5 " «> ~ « £~ 

5 qua,, KC0 2 ), 169 .5- (quat , ^ mg ' * « 

to*. >^^<m + )32«. 1 837(^.C 1 ^ 2 c> 3 ^ 326. I 842, 

P^nedioicacidMfluoroacaatesahll 

0 K^o-S-oxazolidta^phosphimc chloride (BoP-Cl) (0 057 * 0 2« 

was added to a solution of aeid 10 (0 05 g 0 15 „»„„ , , . & nm ° l) 

hydrochloride 21 (0 062 . 0 2, » , S ^' C "* l — 

oiehlo^ane (^ ^0 -C " ^ ^ *" ™* * 

1 (Na,SO^ fi;wi ^ t. carbonate, 2 M aqueous hydrochloric acid, dried 
ff 4) ' ^ 40 S ° lvent — oved to yield an oil (0.108 g) which was purified 
by chromatography (SiO, M i* i.? i. punfied 

• 7 ^ cm ) was added and the solution stirred for 4 h FurtW 

tnfluoroacetic acid (1 cm 3 ) was th™ »aa~a a ■ . further 
U cm ; was then added and starring continued for 2 h The vnltii- 

«^-JJ^ w tTT f -T - - by ™ [watef (005% 

g 55% fern, M 7 mm J ,0 * flbnl « fl »on>aeetate 22 (0.039 

22 ex.s.ed exetavely as ft. ^ C(0>INPro conibnnen mp 50- 10 0 («,„ 22 f 

H^>, 4.38-4.45 (2H , n, p, H and 2-H, and 4.59 (1H. dd ,9.6 and 1.8. ZL 
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MHz; CDCb) 25.6 (CH 2 , o'-C or 7--Q, 26.0 (CH 2 , V-C or 7--C) 28,™ , r, 
(CH, ..--C), 32.3 (CH, 4-C, 34.0 (CH 2 , I0 , C or B'Z ^M Tc ^ 
(CH 2 5 , Q , « (CH , 3.-C,, ..3 „ 2-C), 62 . 9 ttJ^^^ 

[MH(freebase^ r w Mr. • X "** (FAB+ > 356.1824 

1 Dase J • CieHaeNjOe requires 356. 1 822]. 

Example 3: Synthesis of(3S SJt ihq jjc-i. 




H 2W\^CO z H 

s 



28 (+ BPB) 
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H 2 N v ^C0 2 H 



= 1 



(0 



BnC^CHN^^CO^H 



28 



Bn0 2 C" 



31 




1 



CO 



29 



N ^C0 2 Me 
I -HCI 
H 



30 



RHN. 



C0 2 Bn 



(iv) 



(iii) I R - C0 2 CMc 3 32 
I— ^ R = H.CF 3 C0 2 H33 



(v) 



BnQ 2 C' 



C0 2 Bn 



35 



(vi) 




^ CF 3 C0 2 H 
H 2 N CO a H 



.%\\\\ 



36 

f^iSSZT^tt* ® BnOCOa ' N ^ C °3. H 2 0/d,o X ane, 0 o C to RT, 17 h (53 % y 
(v) Grubbs* catalyst, CH,CI 2 reflux 48 htf»» SS w , ' ° m,n ' * en 33 0 ° C to RT «^might (60%) 
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N-Benzyl-L-proline hydrochloride 24 (BP) 

ll.l & 198 mmol) m 1S opropanol (50 cm 3 ) was heated at 40 °C until „• \ 

Benzyl chloride (9 2 cm 3 70 7 n ly dlssolve d- 

y (*2 cm , 79.7 mmol) was added dropwise during which the ,W m i 

5 temperature rose to 70 °C Th* 6 mternal 

bath una, a„ , ' t ^ ™ - 'eacflon flask p laC ed in an ice 

1111111 211 internal temperature of 40 °r ^ . 

-j- , — , fte solid r*r ~ - ~;: 

ftt, -25.S c 1 n, KOH, flee base); * (300 MHz; D.O) 1 9i-2 21 OH Pr W „ „ 

«* .so. w , 129 , M , .^^^x;,^; 

(V-Z-lN-W'-BenzylproWaminoJbenzophenone-iSfBPB) 

»s'^ < TO was added dnony, ohmnde (43 
:>a.5 mmol) over 5 min at -30 °P tv.« ^ n v » 

» -.0 «C over 30 min, snl L 30 TT^TT ™ ""^ * Wam 

S o l «dono f 2-annnoe_ p ^ ( ^;;r n ^tr MO,e<,to - 3<, ° C - A 
was added over 5 min 1 tine v.n *" <U ° hlorom « ta * 00-^) 

warer (30 em, W aa added - T 1^ ST ITT ' * 

-aver W as removed, me „ tayer ^ ^ 
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exacts dried (MgSO.). Evaporation of the solvent and initial pnnfieation by 
ehromatography (silica gel, hexanes:eu>er, 4:1, 3:1, 1:1) [to remove mo S , of 2 
ammobenzophenone] gave a solid (6.405 g) whieh by 'H NMR eontained 10% 2 
ammobenzophenone. Recusation from boiling bexanes afforded BPB 25 (5 218 g 
5 46%) as yellow crystals: mp 99-102 °C (lit, ,01-102 -Q; [«]„ -129.1 (c 0.12 in MeOH) 
(■«., -134 c 1 in MeOH); * (300 MHz; CDC1 3 ; Me^i) 1.78-2.04 (3H, Proy-H, ProB- 
«.H„), 2.21-2.47 (2H, m, Prop-H^, Pro6-«,H B ), 3.22-3.24 (1H. m, Proo-H^) 3 34 
(1H, dd, J 10.1 and 4.6, Proa-H), 3.61 (1H, d, ./ 12.9, NCWh), 3.94 (1H, d j 12 9 
NC^HaPb), 7.08-7.65 (12H, m, Pb), 7.81 (2H, d,./ 8.2. Pb, and 11.6 (1H, s, N-H)* « 
1» 75 MHz; CDCU) 24.1 (CH,, Proy-C>, 30.9 (CH 2 , ProB-C), 53.8 (CH, Proo-C), *J 
CH, NCH 2 Pb), 68.2 (CH, Proa-Q, 121.4, 122.7 (CH, Pb), 125.2 (oust., Ph), 127 I 
.128 2 ,29.0, 130.0, ,32.4, 1325, ,33.3 (CH, Pb, ,38.0, ,38.5, .39.0 (,1, Pb)' 
174.6 (quat.,Pro-CON) and 198.0 (quat, Ph 2 CO). 

1 5 Gfy-Ni-BPB complex 26 

A solution of potassium hydroxide (4.56 g, 81.3 mmol) to methanol (30 em 3 ) was 
add* * « -P^on of BPB 2 S (4.46 g. U.6, mmo,), glycine (4 . 36 g, 58 .07 mmol) and 
moke, mtrate bexabydrate (6.93 g, 23.2 mmo,, a, 50 »C under an atmosphere of nitrogen 

2 rT.,7 ^ " 60 X ^ " '° ro ° M tem ~ «* — -id 

(4.65 cm 81.3 mmo,) added. Water (,50 cm') was then added and me mixfcre allowed 

* - «* ^ h. Exaction of me prodnc, with dicbloromemane 

a Wood-red syrup wbieh was purifled by chronmtography (silica ge,, 
™ne, 7:1, 6:1, 4:1, 3:1, 2:1) ,o give me crude product wbich was 
recused from amy, achate at -20 °C to give co^/ax 2* (4.377 g, 78-/.) as a red 
sohd: mp 226-228 °C (tit, 208-2,2 «C); [«,„ + 20,0.6 (c 0.104 in MeOH) (ti,„ + 2006 c 
0.1 m MeOH); * (400 MHz; CDC,,; Me,Si) 2.03-2.20 (2H, Proy-^ Pro6-«,H B ) 
2.38-2 49 OH, m, Prop-^Ha), 2.55 (,H, m, ProP-H A% ), 3.30-3.42 (,H, m, Pro^' 

X„ "T' * ' 10 ' 7 - 5A ^ "»•» <* - **** 
NC^HaPb, O.yrr-^Ha), 3.79 <,H, d, 20.,, Glyoc-H^.), 4.49 (,H d y 12 9 

NCH^h), 6,1 (,H, ,, ,7.2, Pb), 6.8, (,„, dd, , 8.2 and 1.5, Pb), 6.93-™ (1h"' 
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".52, Ph), 7.5.-7.57 (3H, m, Ph), 8.09 (2H, d, y 7.4, Ph) and 8 30 (1H d J 8 6 *T* 

000 23 , (CH2 , ^ 3fl 6 (CH2> < * 

CH„ G.yc-C), 63., (CH 2 , NCHJh), 68.9 (CH, Proa-C), 120.8, ,242 (CH Phf «t 
£. £ .25., ,2,2, ,28.8, ,29.0. ,29.3, ,29.5, ,29., ,3,6 ,32 ^ (^P 

AlfylGly-Ni-BPB complex 27 

22 0 m !T ered S ° diUm hyaroXide (0 733 & 18 34 ™0 - - W "-.nide (2 06 cm' 
22.0 mmol) was added to a stirred aoteion of complex 26 (3 6 « 7 33 „ n 7 ' 
acetonitrile (160 cm 3 ! •_ 1 a 33 mmo1 ) m *y 

rae ('°°™) under a mtogen atmosphere. The mixture was stirred for 1 < i. , 
TO om temperamre, 0.,M aqueous hydrochloric acid (100 «A aTeTTI 
extracted with dichlommemane The „„ k- „ *° Pr0dUCt 

solvent removed and T ^ ^ ^ *" *• 

dichloromedutnelre toT ^ ^ *"* ^ •* 

l-fcl « g). Both fractions were recrystallised from ethyl acetate at in °r- , 
give the desired compound (1 9 „v fi, rt i,„ , emyi acetate at -20 Cto 

*om me mother TT *" *» °™*«<» 

»cr uquors (0.766 g) to give allyl complex 27 f2 676 * * 

(single dias.ero.mer): mp 216-2,9 «C (lit 2,7 -o x, «^ - ° «d *>hd 

5 ic ob ■> "t.2,7 C), * (300 MHz; CDCb; Me^Si) 2 0- 

' T„ m - Tf- nowww> " 6 - 2 - 55 [3H - - ~ h °- ^2": 

NCWh) 40, Lurl? f * « Pro8 - H ^- 

Ph) and s.,7 (,H d y« £f 1 "™ ^ "* ^ ^ 4 • /7 ' 4 ' 

•i<5 38 5 1CH ™ ; *"* ^ 23 3 (C *' 30 8 

^ ^ r r sr* (ai2> nw 7 °- 27 - 7o - 34 

™-0, ,27.7, ,28 s, ,2, 2^,3^3 123 6 ^ ^ ^ ^ Ph) " 

289, ,29.0, 129.8, ,31.5, 132.1, 132.2, (CH, C(H)=CH 2 , Ph), 
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133.2, (quat., Ph), 133.3 (CH, Ph), 133* ,42.5 (quat, Ph), 170.8 ( quat , C =N) 178 8 
(quat., Glya-CO) and 180.3 (quat., Pro-CON). ^ 8 

(SJ-Alfylglycine 28 

5 A mixture of ally] complex 27 (2.520 g, 4 69 mmo» a.H ™ 

BPB (>T B "coT T" ^ TO ^ to recover 

H2 o, 5 % tL~it y <°~ 

ammonia solution). The ammoma fractions were combined evanorated t« 

i^L ™ ? ' • CH2(a " y,a 3 (1H ' - 5.30- 

r™ ~ r } 58 " 5 88 (1H ' C(H) - CH * * * 000 MHz; D ; 0) 34 7 

(^-N-Benzyloxycarboylallylgfydne 29 

A solution of benzyl chlorofonnate f0 135 cm 3 ft a** ,x • 
was added t« o i ' 956 mmol > m dioxane (1 cm 3 ) 

was added to a solution of allvlelvcine ?r m i a ' 

ro 27s a o ah ,x • (01 g ' 0 87 ° ""WO and sodium carbonate 

(0.275 g, 2.60 mmol) in water r5cm 3 ^ at n on , . wiroonate 

/ wmerpcm )at0 C. The solution was allowed to warm t n 
temperature over ? h *u~„ - , ^ wea 10 warm to room 

over ^ &» then stirred for a further 1 7 h n,~ ~ 

"her, acidi fied with , 1M hydro ^ J^to D H f ^ — * 

— . » Co- . „ %) as . £z rrr rr:™^ 

' ^ 4 32 ( °- 76H - ^-H)- 5 08-5.18 (4H, m, OCH 2 Ph, =CH 2 ) 
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5.48 (0.74H, d, J 7.9, N-H), 5.69-5.79 (1H, m, CflD-CIft), 6.34 (0.26H, br d, J 5 6 N- 
H), 7.26-7.34 (5H, m, Ph) and 9.46 (1H, br s, OH); * (75 MHz; CDCb) 36.4 [CH 2 
OWMH. 53.2 (CH, G,y«-C), 53.9- (CH, 0l ya-C), 67.2 (CH, OC H2 Ph), 67.7" (CH,.' 
OCHW, „9.6 (CH, -CH 2) , I28 ,, ,28.3, ,28.6 (CH. Ph). ,3,.9 (CH, C<H>=CH 2 
> 136.1 (quat.Ph), 156.1 (qua,., NC0 2 ) and 176.0 (q uat.OIya-CO). 

(^-^-Benzylaxycarbaylallylgfycyl-L-prolmeiX 

W-Dicyclohcxylcarbodifaide (0.103 g, 0.504 ■!) was added ,0 a solution of 
carbamate (0.114 g, 0.457 mmol), prohne mefty! ester hydrochloride 30 (0.083 g 0504 
mmo,), .Y-hydroxyben.ouia.o.e (0.068 g, 0.504 mmo.) aad uiethylanune (0.O7', cm', 

u.504 mmol) in dichloromethane (12 cm 3 , a tn»p u , 

u cm ; at 0 C. The nuxture was stirred overnight 

stored a, 0 - C for 3 h and fihered thorough Cehte™. The reaction mixture was washed 
w«b 2M ^aqueous hydrocbJoric aoid, satoraled sodium hydrogen oarhonate sohtnon, dried 
(MgSO.) and me so,v«n, removed to yie,d an oi. whieh was purified by ehromatography 
(sd,ea g.,, hexanes:emy, acetete, 2;,, ,:,) to afford protect dipeplide (0 , 4 , g, .hat 
was suspended in dioxane (4 em'). 1M Aqueous sodinm hydroxide (,.95 cm' , 95 
mmo,) was added and the mixture ^ „ ^ ^ fer 24 h ^ ' . 
™ > ad ed and th. mixture extracted with diohtoromemane. The aqueous ,ayer was 
actdtoed wtm 3,% hydrocNoric aoid and the product exhacted wi* dicMoromemane 
7*e orjpuuc .avers were pooted, wash* wim brine, dri* <MgSC- 2 ) and me solveni 
removed to afford an oi, (0,52 g) was purified by chromatography (since g,, 
hexa„e:e«hy, acetote, 3;1, men hexa»e:«hy, acetetcaceric acid, 3:1:0.4, 2:1:0.3) to give 
— 31 (0,02 g, 64%) as a Courier oi,. Acid 3, was shown ,0 be a 87:13 
nuxmre of conformers by >H NMR aaa Iy sis (me ratio was estimated by Integrate of 
mumplets a, 8 3.33-3.50 and 3.62-3.77 assigned to the Pro8-H 2 atoms of the minor and 
ma,or conformers respectively): [a) D -91 (c 0.26 in CH 2 C, 2 ); * (30 0 MHz; CDCI3. 
*0O 1.65 (0.13H, br s, Prop.tf.Ha), 1.84-2.25 (3.87H, m, Prop-H^,- ^ 
Pro,-H 2 ), 2.34-2.53 [2H, m, CH^y,)], 3.33-3.50" (0.26H, m, Proc-H 2 ), 3.62-3 77 

'5 n 7^2 4 - 3<M - 5S (2H ' " 4M - 515 «• "»> <™ 

=CH 2 ) 5.7,-5.85 (,H, m, C(H>CH 2 ), 6.0 (0.13H, br d, J 8.5, N-H), 6.06" (0,3H, br d, ./ 
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ST ^ ^ ^ ^ * * 0H >= * <" ^ CDCW 22 ,• 

C, 8H22N2O5 requires 346. 1 529). 1 ' 

3 ( S )- N -Benzyloxycarboylall y l s lycyl-L- D rolvlT W»> „// / / 

Alkene 32 m,,, « 1 ^-^S^mic acid dibenzyl ester 34 

ice cold solution of acid 31 (0 134 B 0 187 m n , • 311 
• u & mm ° I) 211(1 triethylamine (0.062 cm 3 0 461 

mmol) in dichoromethane (10 cm 3 l wac a ^ ^ a ' 1 

0 464 m n -ru * «M chloroformate (0 045 cm 3 

0.464 mmol). The solution was stirred at 0 T for An ■ .u ' 

and triethylanune (0.062cm 3 0 4 6 fnll * ,T " ** " U " h *»««3 
^eandthenl^^^ < 5 « — 

2M aqueous hydrochloric . ■! ^ S0lUtlOn Subsequently washed with 

colourless oil. Tripeptide 34 was shown to be a 891 1 JL • ° * 

, vjiuj- xa^, ooo-j./2 (2H, m. Pro5-Ho"» 4 is* muti 
430* , 011 „ . .__ ^ »"oo« 2 ;, 4.I8 (0.11H, q, ./ 6.2, Glyoc-H) 

4.38 (0.1 1H, d, J 7.7, Proa-H), 4.54-4 66 (21KU ru r tx « 
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(0.89H, d, J7.4. GlnN-H). 7.26-7.39 (15H,m,Ph) and 7..0-(0.11H d .,79 01llNm 
* 000 MHz; CDCW 22.0' (CH„ P^-C). 24.9 (CH, P^ 7 5 ^ 

5 q 41 o o . fCH2 - 36 9 [CH! ' «•» £ 

ch p o : : (CH - ^ 52 4 ' (CH - 59 9 (ch, p™^,, « 8 " 

S'^^™^ m ' 7 - U9 °' .-.o, 

128.14, 128.22, 128.24, 128.31, 128.42, .28.46, (CH, Ph), ,31.7- 132 2 134 2 ,r« 
qua, NCO,), H0.7 feuat, CO), 170.9 (qua.., CO) ,7..2 ( q uat, CO,, ,71.5 (q ua, , CO) 

lC cl MO ^ ^ - 1744 «~ «W - W 
i /o (M . GraHuNjO, requires 695.3207). 

trtftuoroacetate 36 OXMU ^[13.3.0]he X aiecam 

To a solution of protected tripeptide 34 (0.041 g o 0589 m™,n • „ 
dlchloromethane (7.5 em 3 ) was added hlrf« , ,. , * 0 m 

ol<*lorid,(0.015 g 0012oZr H ^ ta ° yC,0he * h ^ toe >^*— unt 

waa hea Ja. JL o 48 SLT" " " ^ ^ P ""*° «**» 

em 3 0 « 7l r °° m tem » eri "" re «"*> <toothyl sulphoxide (0 045 

P^due, ^5 md Z * Water:aCetoni ^ 2 ~«) - •>» the metathesis 
668.297 W C hTn O " " ' ^ * «"* 

-nples (^5 ntg eaeh); the fe. sample waa dissolved in tetrahvdroWtvater «., 5 
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of Celite™, washed with methanol/water (4:1) and concentrated in vacuo to yield a film. 
The second sample was dissolved in tetrahydrofuran (3 cm 3 ) and platinum (IV) oxide 
(0.00078 g, 0.0034 mmol) added was added under an atmosphere of nitrogen. To the 
reaction flask was fitted a balloon of hydrogen and stirred for 16 h at room temperature. 
The reaction mixture was filtered through a pad of Celite™, washed with methanol: and 
concentrated in vacuo to yield a film that was dissolved in methanohwater (4:1, 5 cm 3 ) 
and 10 wt. % palladium on activated carbon (0.008 g 0.00749 mmol) was added under an 
atmosphere of nitrogen. To the reaction flask was fitted a balloon of hydrogen and stirred 
for 5 h at room temperature. The reaction mixture was flitered through a pad of Celite™, 
washed with methanol/water (4:1) and concentrated in vacuo to yield a film. Both 
samples were combined, purified by RP HPLC [10% acetonitrile:90% water (containing 
0.05% trifluoroacetic acid) then 80:20, 70:30] and dried on a freeze drier to give 36 
(0.016 g, 58% from 34) as a white solid. 36 existed exclusively as the trans conformer: 
mp 150-240 °C;[a] D -39.4 (c 0.0864 in water); 6h (400 MHz; D 2 0), 1.20-1.62 (6H, m, 
5-H 2 , 14-H 2 , 7-H 2 ), 1.81-1.90 (1H, m, 4-/fcH B ), 2.04-2.36 (7H, m, 4-H A ^, 9-H 2 , 6-H 2 ! 
15-H 2 ), 2.43 (1H, br t, J 62, 8-H), 3.68-3.79 (2H, m, 16-H 2 ), 4.48-4.49 (1H, m, H-3) and 
4.51-4.55 (1H, m, 10-H) [13-H obscured by HOD]; <fc (100 MHz; D 2 0) 18.2 (CH 2 , 5- 
C), 23.9 (CH 2 , 14-C), 24:2 (CH 2 , 15-Q, 26.0 (CH 2 , 6-C), 26.8 (CH 2 , 4-Q, 28.0 (CH 2 ,' 7- 
C), 30.3 (CH 2 , 9-C), 38.2 (CH, 8-C), 47.1 (CH 2 , 16-C), 50.6 (CH, 10-C), 50.9 (CH, 3-C), 
59.5 (CH, 13-C), 116.25 (q, ./ 291.7, CF 3 ), 162.8 (q, J 35.2, CF 3 C0 2 H), 169.2 (quat., 2- 
C), 174.0 (quat., 10-CO), and 179.8 (quat, 8-CO); m/z (FAB+) 356.1811 [MH(free 
base) + . Ci6H 26 N 3 06 requires 356.1821]. 



Example 4; Synthesis of (2S, 3>S, 8'R,)-2-{[(3'.Ami„o.V-aza-2^oxo. 
b Wclo[te.O]undecyinV*arbonyl]amino}-l,S-pe n ^ 
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(0 



H 

9 



N 

i 

37 



00 



If -COjEt 
CO a C(CH 3 ) 3 
38 



(iii) 



CC 2 Et 



C0 2 C(CH 3 )3 
39 



(iv) 



C0 2 Et 



CO a C(CH 3 )3 
40 



Scheme 1 Reagents, conditions and yields: (i) EtOH, SOC1 2 , 0 °C to RT, overnight; (ii) DMAP, Boc 2 0, 
CH 3 CN, RT, 18 h (85% over 2 steps); (iii) UEt 3 BH, THF, -78 °C, \ b, then 30% H 2 0 2 , 0 °C, 0.5 h; 
(iv) BF 3 .OEt 2> ailyltributylstannane, CH 2 C1 2 , -78 °C, 2 h (54%, over 2 steps). 
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N 

I 

CO,C(CH,) ; 
40 



CO,Et (0 , 



r 



N - CO a Et 
H.CF 3 C0 2 H 



41 



(") 




,NCOjC(CHJ, 
43 




+ 5 -pTsOH 



45 



C0 2 C(CH 3 >, 



46 



42 



1 




(v) 




C0 2 C(CH3), 



"1 

,NC0 2 <CH 3 ) 3 C0 2 C(CH 3 ) 3 



(Vi) 



47 



9' 10» 




Scheme 2 Reagents, conditions and yields: (i) CFiCCH ffl fl rt a h / ^ r*~~ 
CO ■*>,. Hl . THF, „. „«^,, wiSftSSSSjaSt^ " 2 "' ( " >% - 2 



Grubbs catalyst 5 



PCy 3 
1 »»\CI 



PK 



/-PS 

PCy 3 
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25 



30 



W-EthylN-Krt-butaxycarbowlpyroglutamatei* 

W-Pymgiuhunic acid 9 (3.0 g, 15.5 mmo.) was suspended in etharto. (40 cm') 

was added dropw*. and the sohrtion was snowed to warm to room te mpemhj 
5 overnight. The solution was cooled m n »f _ ,• , . temperature 
hvd m „ m k ' neutrahsed «** ^tumted aqueous sodium 

hydregen carbonate and extracted with chlorofcrm. The combine* „ rgaJ „c Uyers Z 
porter,, dned (Na^O,), nhered and the so.ven. removed «. give the erode 

* 10*, which was used without fhrdter plmfioation . To . ^ „ * J * 
and dnnen.vlaminop.rtdine (0,9 g, ..55 mm..) in acetonMe (30 »=) was addeTdf 

1 -bo*, donate (3.7. g, 17.05 mmo., Tbe re su„an t so.uuon was s*J j£ 
^perahtre for ,s „ „ _ _ ^ fcy cte ^ 

* r rr: (3 - 35 a 85% - ta 2 steps) - * -* ■* *«« °° ««• 

2.68 (3H, m), 4.22 (2H, q ,y 7.2, OCftOfc), and 4.58 ( 1H , dd, ./ 9.4 and 3 0 5 »• * „< 

ISSS^? OCH2CH3) ' 215 (CH * 279 » ^SSh 

»******^^ ethyl ester 43 

To a stirred solution of carbamate 38 f 1 0 e 1 so m n • ^ 

/An 3n * g ' • i - 8y mmol) in dry tetrahvdrofurari 

for h, sahuated aqueous sodinm bydrogen carbonate (.0 cm') was added and the 
coonng bam removed. The temperature was .Mowed to reach 0 -C men 30% aqueo! 
hydrogen peroxide (35 drops) was added «d 

_ , was added and shrnng was continued at 0 °C for 50 min 

The aqueous layer was extracted with «... ,.• 

with brio. Hri L mi T " combmed <"8anic extracts were washed 

STau lb « ( & ~ nm ° ,) ^ * ^'oromeL £ 
cm ), aUvhrtbuty^e (0.87 cm". 2.80 mmo.) was added and me so.unon coded 1 - 
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10 



15 



20 



25 



1 J2i * m *° Bm atmOSPhere ' BOKM te <"- 3 « «*. 2-80 mmo.) 

~ r °t on * e (, ° ** wm ^ md - «— — * 

~-«-~ ■ The aqueous layer was extracted with diehloromethane and the 
ported «■« — i dried (Na 2S C 4 ) aud fihered. Remove, of the so.ven, * vu^o 

I (1 ' 28 " WM ° h Pmified * d ' romato ^ < Si °> ««. " 

ta« '™ e,hyl » — f * BUI7 g, 54%, in 2 sleps (74% 

hrsm)] as a odourless oil Afcene 40 was shown to he a 66:33 mixture of C(iyc(5) 

XTeZT 8aher con ™' Due 10 *" — • ^ 

NMR spectrum On, compound was no, characterized and used as such for me next step 

T' Z I* ^ * — ' -~ 

the voiaoles removed fa vacuo to yield the trifluoroecetote so,, 41 as an oil HalfofOns 

2 (007 & 032 nmo,) WMhylamine (0 042 » °« ™» wL 

added and the sohmon coded «o 0 'C. At A' -Dicyclohexyic^odiimide (0.065 g 0 316 
mmo ) was added, me mixture stood overnight, then fihered through Celite™ to r^nove 

hvir r ^ fllta,e W8Shed — - — "Odium 

hyd^en carhonate, 2 M a,ue„us hydrochloric acid, dried (MgSO,), fihered and me 

so iven, removed ,o yieh, an oi, (0.113 g, which was purified hy chromatography (SiO, 
4,, hexane-elhy, acetate) to arTom 43 (0.064 g, 55%, 2 steps) as a ZZZL oil' 
Dnme 43 was an inaeparame mixture of diastereomers [C2/C5, 77:23]: * (400 

M^CDC, Me^i) u,.,^ (3 „, „ ^ , „ * ° 

P.07H, s, C(CH JW , ,.64-1.97 (4H, m. Prop-H 2 and Proy-H.) 2 0-2 52 [3 77H 1 , 
« Z75.2.5 W m, CH^auy,)), ^titSSL 
), 4.32-4.48 (2.77H, Proo-H, G,ya-H and Proa-H), 4. 9 7-5.26 (5H, m. 2 x 4, 
-* 564 - 3 ' 84 f 2H ' »■ ^ x C(fl)-CH 2J ; * (I00 MHz; CDC W ,3 9' (Cft 
OCH 2 CH 3 ), ,4 , (CH 2 , OCH^,, 26.8 (CH 2 , rrop-C), 28.3 t CH 3 , C(CH 3 ) 3j , 29:0'' 
(CH 2 , Proy-C), 29 . 5 (CHj _ ^ [ch2j 



52 
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30 



°*WW. 3S.4- [CH, OWrtOW. 39.4- [CH, CH 2 (a, Wlo] , 50 . 9 (CH , OIya . 

WftW, 79.7 [qua,., CCCH3)3], 117.2" (CH,, -CH 2 ), U8.3 (CH, =CH 2 ), 1,8 35 (CH, 
S =CH 2 ), „8.r (CH, -CH,), 13 ,7- (CH, C(H>CH 2) , ,3,2 t CH, C^ ^ 

^Trco; 34 - 7 ' fcH - c(h,=ch2] - ,54r ^ nc ^- 

170.5 (qua... CO), 171.4 (qua.., CO), 171.6' ( qMt , CO ) and 172.1 ( q „a, CO)- J* 
(FAB^JS.^^.C^O.req^JSl.^,. % 

M. 3S US) ^-^'OT^o^^to^.^ 
oxobicyclo[6.3.0]mthc-5-eneM 

To a degassed solution of ^ « (a064 g> „ m ^ ^ ^ 
(43 c m ) was added m^^^^y,^^^^^^ 

.5 rr , 4 * 00170 nm,o,) a ato - — «*- - " — ^ 

.5 soluhon heated a, reflu2t for 24 h. The orange*™ solution waa cooM 

tenure, dirned* suboxide (0,60 2.26 nnno,) was added and dre soludon 
. anted overmgn,. The solvent was removed „ w ^ ^ ^ 

oncography (SiO, 2:1. 1:1, heaanes-ethy, aeerate.) te give a*- 44 (0.044 g 74%) 
a. a odourless oil. AUcene 44 existed exolusivelv as die o™ C^NPro corLJ 

OCH CH2C,2>: ^ (4 °° ^ ^ M ^> 125 « «• ' '■>• 

(^t * ^ :• C(CHj>31 L8SM - 98 <2H - m - ™- 2 "-^9 

Oft n, 9-H^). 2, ,-2,6 (,H, m , ,0-H^), 2.24-2.33 (,H. m, 4-tf.Ha), 2.42 ( 1H , dq. 

m^ 3 , ^ f ' ^ ' M ^ ' '•«>• 484 < 3H ' * * ' 3- 

Z ™ , • *"* 5 67 - 5 - 73 °* "'■ ^ - 5 77 - 5 83 « m. 5-H); * (.00 
J«* COCU H.0 (CH, OCH 2 0, 2 ), 27, (CH, ,0-C). 28.2 [CH, C(CH 2 , 2] 3 .77 

Q 2 '60 2 CH?, T (CH! ' OT ^ 3 " <CH2 ' 517 <« « (CH, 

' 9 ^,1?:^ <,UaL ' NC0!) ' ' 70 - 9 ^ 1 ^ md 1717 2-Q ; Wa 

(EI+) 352.2001 (M*. C.^^o, requires 352.1998). 
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30 



„. J M ^ h f° xide < 0 « °» 3 - —0 was added to a solution of 

« te 44 . d,oxan. (,.3 «y, and ^ ^ ^ 

5 ^peratine. ae reacfioa ^ wk J** ~» 

and fce aqneoos byer ^ ^ ^ «• 

solvent removed to yeld «c,Vz 45 (0.040 g). Hydrochloride 46 (0 048 . 0 1625 mm „n 
^add^toa luUonof45 ^ fteroMontocooiedtooo < T ^ - 

- , 0.325 n™,) and bi^^xazoUdnrvOphospninio ohloride (BoP-Cl) (0 04, g 

iTariZ ^ hydrogm 2 M ™ MroebJoric 

T ^ *■ <° - <* (0-078 g) which W aa 

P^nedByohrornatograp^^lO, ...hexane^, ace**) to afford anj„ (0.05^ 
^ stops) as a eolonrleas oH. An.de 47 existod exCosive* as «. J, C (0> 

£Tn, ,0- H 77 IT (3Hl I0 '* HB - *** ^ 9 ^ 2 0-2.33 

7^H H 1 Tfu L ^ 9 '" HA% - rJt * "" d 4 '-^ 2 «0-2.95 (2H, br m 

H),4.66(.H,d,y7.5,n--H), 4.97 (>H,brq,.77.4,3--H), 5.57 (1H d .778 N» 56, 
5.67 (1H, m, 6--H), 5.8. (1H, taW7 . 8 , ^ ^ ? . 4? ^ ^ 0 ^ ™ 

C(CH3) 3 ], 28.1, (CH 2 , 3-C), 31.3 (CH* 4-Q, 32.0 (CH 2 , r-C) 33 2 «TT o- r^ « , 
(CH, 4.-C), 51.0 (CH, 3--C), 5,9 (CH, 2-C,, J^^J ' 

(CH, 5 -Q, 155.0 (qaat, NC0 2 ), 169.9 fouat, 1-C), ,70.5 (qnat U-.CO, ,7, « , 

« or 5-0 and ,71.9 (qua,., 2--C or 5-C, ; ^ VMtt) 1, ^ 

requires 566.3441J. 1 ' ^^sNsOg 
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8,0.081 mn.01) a tetahydroft™ (4 ^ ^ 

^T 4 (1 " of hydrogM) — ~ «"■* - -tZ 

ae d (3 cm , added and the solution steed for 5 h at room R^a, ofthe 

CI" 1 VM °'~ 0n * » ^ n« aeelonMe:*,, wa te 

0.05/„ tn fl „_ aeid)J and Motion fern eu,er/,oluene gave 13 (0.0228 g 60% 2 

" 3 hygr0SCOPi0 ° ff - WWte ^ 48 «— * aa J*. C^nL 

2-36 (IH. * , 12 . 4 md 7 . 2 _ io , HaHb)> 2 „ a B , 

^ m -r n '- H - 3 "">- * (m — «*» « 

24.2 (Cft, 5 -C or 6--C), 25.5 (CH 2 , 3-C), 27.! (CHa, lO'-Q, 29 7 (CH, 4 C! 3! , 

- «: r Q ' 350 (ch *- 4, - q - 512 « ^ « « - 

13 (CH, 8 -C), 61.4 (CH, ll'-Q, 116.2 (quat, q J 291 CF ~\fr>n f * 

rp rn tn ixo* , ' 3 '' 162 7 (^ uat » <l> J 35.2, 

CF 3 C0 2 H), 168.5 (quat., 2'-C), 173.7 (quat., ll'-CO), 174.7 (quat, 1-C) Id 1768 

(quat.,5-C); m/z (FAB+) 356.1816 TMHffree baseY 1 " p „ Mrt 

y o-ioio LJVl±l(lree base) . C l6 H 26 N 3 0 6 requires 356.1822]. 

Example 5: Synthesis of (9R //? ,^ c » » ^ . 
20 dioxobicyclo[143.0)heptadecane 
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H 2 N Vs ^co a 8n 

4L pTsOH 



C0 2 CMe s 
(i) H ^ N \^CO a Bn 



C0 2 Bn 



!0 2 Bn 
49 



52 



Br ^CO a Et 
52 



30 



(iii) 



I .HC! 



CO a CMej 
(ii) H ^ N V v ^C0 2 Bn 



1 



0 2 Bn 
50 



H 



54 



C0 2 Me 



^CO a Bn 



56 




(iv) 



COaBn 



55 



(vi) 




C0 2 Bn 



57 
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C0 2 CMe 3 



(VI*) 




1 CF 3 C0 2 H + 



-< 2 Bn 
51 




'co*" (vii) 



COjBn 



57 



9y^ 



N\^C0 2 Bn 




(viii) 



CO a Bn 
59 



5V* 

\_ / /VU COaBn 



o' 

Bn0 2 C 



C«> 



60 



CF,C0 2 H 



C0 2 H 



61 (63:35 trans:cis) 




Scheme 2 Reagents, conditions and yields- fvtt tfa ™ ™ ^ 



63 



64 = 



(58% from 59). 



PCy 3 



then 58, 
35min, 



PCy, 



Ph 



ester 50 
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15 CO). 



acid J**" (2 ' 25 ^ 2 2 — 0 - «"<ed to a stirred ^ of 

acid dibenzyl ester p-toluenesulphonate 49 (4 0 a 8 01 mm n 

cm 3 l » n .r* r.- . ^ & m dichloromethane (80 

».«non stirred for ,9 h. The ^ w _ fa ^ * 

muumun, moImt of dichlon.mcttac and washed sequentially win, 2 m 
Mrochloric acid, « aqueous sodhun hydro g en clorjl^oT 
Removal of the solvent yielded a while solid (3 42 „• „ ^ 4> ' 

x Glua-NH, and 7.29-7.39 (,0H, m, 2 x Ph) * (.00 MHz; CDC,,) 27.6 (CH 2 

W 28.! t CH3. OBW 30, (CH 2 , Gluy-C), 52.8 (CH, G.UO.-C) « Z 
°C**hXl S7, (CH, OCH 2 Ph), 79, fqnat , ^ ^ ^ ^ ^ * 
£*. (CH, „,). ,3,2, ,35, (W. Ph), ,55.3 (qua,., NCOi , and ,72. , ,£ (^ ' 



20 



25 



30 



N-tert-BuQloxycarbnyUL. m-aUylglmanOc acid dibvvyl ester 51 

A leti^ydroluran solution of lilhnun hex^elhyldisilazide (, nrol V ,03 cm> 
10.3 nuno,) was added dropwis. to a solution of carbamate 50 (2 0 g 4 68 7 ' 

-rahydrolhran (20 «=, a, -78 »C under an atmosphere of 2tl 2 V" 
yellow somtion was stirred a, this lamped f or « 0min and aCtlid^VlT ^ 

WO^wasadded. The somtion was stirred for , 5 h a. 78^ 7 ' 
addition of sanded a*,e„ue chloride ^ ^^hedbythe 

was rpmnwH k™ ■ F«*«ure over 1.5 h. A white solid 

was removed by filtration, washed with ethyl acetate and the fii*. ♦ 
vacuo to yield an orange oil (2 312 * v „ concentrated /„ 

6:1, hexane:ethyl ace^ 2 " f *" " * *— » (silica gel, 

N + 19 4 Cc 0 232 <^ ^ ^ 51 0 589 & ?3%) 38 a oil: 

[a] D +19.4 (c 0.232 m CH 2 C1 2 ); <fc (300 MH z; CDC1 3 ; Me 4 Si) 1.43 r 9H s CrCH . 1 

cih r d H2)> 2 - 30 - 244 ««> *> ~>* - « * - ^ - 

OH, hr d, J7A Glua-H), 5.01-5,1 (7H, m, 2 x OCH 2 Ph, =CH 2 , 01^, 5^4 
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C CH 3W> 3 3.4 (CH : , auyi-CH.), 36.2 (CH 2 , Glufi-Q 41.7, (CH, Ghr,-C> 52 2 (CH 

5 „Tv ^ • 8 44, I28 " 7, (CH ' Ph) - 1341 <CH QHKffl ,352 

CO); «* (FAB+) 468.2382 (MH*. Crf^NC, quires 468.2386). 
N-Alfylgfycine ethyl ester 54 ' 
0 cm 3 ! / S0 '; ti T" ° f « < 3 * I8 <> to dry tonahydKriuran oo 

0 cm ) was added dropwiae , 0 an ic«o ld solution of afiylamine 53T2 05 JZ n 

dry tetautydrofuran (20 cm 3 ) over 3 min The „, « * ° m " > ' ) m 

. . - 1 03 J min - 1116 soluton was stirred at 0 °C for 2 5 h la 

^~-o^a«er 2D ), COT e^ to _^„^ 

s r c r t - " wm a,,ered ^ ^ - ^ ~ ,0 

yteld me crude product which was purified by chromatography (sUica - ,., 
' ^ancefty, acetate) to give alien. 54 (1 209 . 47%, „ . ,Z n 

MHz- mr< ■ vr , , ' " hght y ellow O": * (300 

^H*. CDCfe, McS.) 1.17 (3Ht,/7.1,OCH 2 Cff 3 ), 1.70 (lH,brs N-H) 3 16 T2FT it r 
^OWM. 3.28 (2H, s, C„ 2 G,y), 4.08 (2H, ,7.,, £ 5 .2 2H m 

N-Allyl-N-benzyloxycarbonylglycine 55 

W-Afiylglycine emyl estcr 54 was prepared as described above usin* emvl 
bromoacetate (9 e 53 o mm^n ^ « 1 - usm S 
17 05a t * . y amme (6 ' 15 & 107 - 7 ,n,no1 )- The crude product 

8) ma, contented -30% of MaUy,*bis(2-ca rtJ o«hyoxyemy,)amine as jud^y 

g, 04.09 mmol) added. Benzylchloroformate ,q« 0 „ 
nv „ m • , • "KMonnate (9.25 g, 54.2 mmol) was added droDwise 

over 10 mm resulting in a white precipitate After 9 h th, ■ - P 
0°C mtrro***^ C t "*e. After 2 h the mixture was stored overnight at 

0 C, filtered and the filtrate concentrated in vacuo The r^icW . 

CMgS»0 4 ) and the solvent removed to reveal m «ii m « 

-° reveal an oil (13.65 g) containing the desired 
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10 



15 



20 



25 



carbonate (70%) and bensy, aicoho, (30%) as judged by MMR. This mixture was 

-»0 added and the 5oM on ^ for 2 „ „ _ , ™ ^ 

added and the a,„eo US Uyer extract with diemy, ethe,. ™ e anueol Iay j^ 
ae^ed w,th 32% Kid _ ^ ^ ^ J« ~ 

o^c rayers were dned (MgSC,), concent m ^ md me ^ „ 
*«, ograph y (suiea gel, hexane:emy, ^ ^ ^ * 

g, a A 3 steps) a, a coK.ur.ess syrup. Acid 55 existed Bal:Imtae of carb i ate 

HT* (4 °° ^ CDC ' S; ^ 4 ° 2 - 4 08 t4H " OWA CH^Tn 
m mn ' «7„ ^ CDCy ^ 4 " [CH * <***»• »* *» >U 

CHrfally,)], «7.6, 67.7 (CH,, OCHJh), „7.8, „8.3 (CH 2 . -CH,) 127 7 127 97 
28.01, 128.4, (CH. Ph), ,32.7. 132.8 (CH, C(H)-CH 2) ,36, ( q ua J^) , 55 , 5 S 
(quat., NCO2) and 174.7, 174.9 (quat, CO). ' 

M-My!-N-benzyl 0 wcarb<m ) ,lgl y cyI-I..p r oline methyl ester SS 

K3-Dtae Ul y 1 a m inop ro pyl-3-e«hylcarbo*faide hydrochloride (EDO) (0.453 g 
2.36 mmoO was added ,0 a sohuion of prohne methyl ester hydrocMoride 30 (0.356 g 
2 .5 nunoD, actd 55 (0.590 nnnol, 2.35 nuno,) and triethylamine (0.48, g, 4.73 mmo„ it 
^omethane (W, a, 0 »C. 7,e resultant solution waa sdrred for „ h, wa^ 

dned (MgSC,) and the s„,ven, removed ,0 yie,d an „U which was punned by 

56 (0.508 g, 66%) as a Juries* oi,. Di pepHde s< was ^ to „ a 7fi:24 £ 
nnxtere of conforms by »C ^ ^ ^ ^ _ J- 

' 5 ^ 24 5 ' 24 7 ' to - ^ — **• minor a^ major 

confcrmers respective*), m addition, reacted rotation about me GlyN-CO carbamate 

" ffiCBA)i * WMhiW*,^ ,.8,-2,4 (4H,m,Prop-H 2 ,Proy-H 2 ) 
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3.29-3.58 (2H, m, Pro8-H 2 ), 3.64, 3.66, 3.69' (3H, s, OCH 3 ), 3.84-4.20 [4H, m, 
CH 2 (allyl), Glya-H 2 ], 4.40-4.48 (1H, m, Proa-H), 5.07-5.17 (4H, m, OCH 2 Ph, =CH 2 ), 
5.69-5.81 (1H, m, C(H)=CH 2 ) and 7.24-7.30 (m, 5H, Ph); <fc (100 MHz; CDCfe) 22.0* 
(CH 2 , Proy-C), 24.62, 24.73 (CH 2 , Proy-C), 28.66, 28.73 (CH 2 , Prop-C), 31.1/ 31.3* 
(CH 2 , Prop-C), 45.93, 45.98 (CH 2 , Pro8-C), 46.5* (CH 2 , Pro5-C), 47.5, 48.0 (CH 2 , Glya- 
C), 50.0, 50.6 [CH 2 , CH 2 (allyl)], 50.0,* 50.6* [CH 2 , CH 2 (allyl)], 52.0, (CH 3 , OCH 3 ), 
52.31,* 52.5* (CH 3 , OCH 3 ), 58.4,* 58.5* (CH, Proa-C), 58.8 (CH, Proa-C), 67.2, 67.3 
(CH 2 , OCH 2 Ph), 117.0, 117.5 (CH 2 , =CH 2 ), 127.5, 127.7, 127.8, 128.3, (CH, Ph), 133.2, 
133.4 (CH, C(H)=CH 2 ) 136.4, 136.5 (quat., Ph), 155.8, 156.3, (quat., NC0 2 ), 167.1 
(quat., Gly-CO), 167.4,* 167.5* (quat., Gly-CO). 172.0,* 172.2* (quat., Pro-CO) and 
172.3, 172.4 (quat., Pro-CO); m/z (EI+) 360.1676 (M+. C 19 H 24 N 2 0 5 requires 360.1685). 

N-Allyl-N-benzyloxycarbonylglycyl-L-proline 57 

To a solution of protected dipeptide 56 (0.474 g, 1.31 mmol) in dioxane (13 cm 3 ) 
15 was added 1M aqueous sodium hydroxide (6.71 cm 3 , 6.71 mmol) and the mixture stirred 
at room temperature for 20 h. Water (10 cm 3 ) was added and the mixture extracted with 
dichloromethane. The aqueous layer was acidified with 10% HC1 and the product 
extracted with dichloromethane. The organic layers were pooled, dried (MgS0 4 ) and the 
solvent removed to afford an oil (0.456 g) contaminated with 2-hydroxy-l,4-dioxane. 
20 Subsequent purification by chromatography (silica gel, hexanes:ethyl acetate, 1:1, 1:2, 
1:3,) gave acid 57 (0.250 g, 55%) as a colourless oil: Acid 57 was shown to be a 86:14 
trans.cis mixture of confonners by l3 C NMR analysis (the ratio was estimated by 
integration of signals at 8 22.1 and 24.6, 24.7, assigned to the Proy-C atoms of the minor 
and major conformers respectively), hi addition, restricted rotation about the GlyN-CO 
25 carbamatebond was also observed resultmgm a further 1:1 mixture of conformers [<x] D - 
117 (c 0.8 in CH 2 C1 2 ); ^ (300 MHz; CDC1 3 ; Me 4 Si) 1.88-2.25 (4H, m, ProP-H 2 , Proy- 
H 2 ), 3.30-3.69 (2H, m, Pro8-H 2 ), 3.75-4.26 [4H, m, CH 2 (allyl), Glya-H 2 ], 4.50-4.58 (1H, 
m, Proa-H), 5.10-5.22 (4H, m, OCH 2 Ph, =CH 2 ), 5.73-5.82 (1H, m, C(H>CH 2 ), 7.33- 
7.34 (m, 5H, Ph) and 7.84 (1H, br s, OH); * (75 MHz; CDC1 3 ) 22.1* (CH 2 , Proy-C), 
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24.6, 24.7 (CH 2 , Proy-C), 27.9, 28.0 (CH 2 , ProP-C), 31 1 * 31 {na * _ 
(CH, Proct-C), 67.6 (CH 2 , OCH 2 Ph) 117 3 117 0 rev ™ x 

» r « ? , 13 ,o, « i c^H ^rs st s; r? 

KO^) , 67 (qM , NC02) , ^ Gly WVl 

173.6, 173.7 (quat, Pto-CO) and 1744* tanat ™ , ~ fly CO), 

CtfWfcO, ^ta. 346..S29). ^ "* ^ 3461524 <**- 

volatile* were removed /« vacuo to vielH *w 6 

w» vacuo to yield trifluoroacetate 58 as a white snliH t„ 
cold solution of acid 57 (0 288 a n m« r, T ° 311 lce 

g ' 655 ^ and triethylamine (0 1 50 cm 3 n sn ™ n 
15 was added dropwise ethyl chloroformate (0 075 cm 3 0 TO n * } 

stirred at OTWin - u ' 86 mmol) - solution was 

oT n " iCe " C ° ,d SOlUti ° n ° f 58 «» «ethylanune (0 150 cm 3 

0.80 mmol) in dichloromethane n * ~- 3 . „ J * cm , 

a,ueo, ^ ^j^rir^o , r;^ ooh,oiic 

20 to viVM v L Uvigj»u 4 ; and the solvent removed 

..l) t c g ,ve>«^„^ ( , e59(0432& 

was shown to be a 8<>-i <; *~™. • ua *npeptide59 

wn to oe a 85.15 fr««. CM mixture of conformers by ,3 C NMR analvsi, m_ « 

uiyiN CO carbamate bond was also observed resulting in a turth~ i i • 

r:LH j r 7(co - 73faai ^ * 

H) 4 46-4 60 O 85H p **" ( ° 15H ' * J "- »~ 
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■ i **** 249 (chj - ^ "* (ch =- ^ ** 

Q. 3U f CH 2 , CH« 32.7 t CH 2 , C^any,)], 35.9 (CH 2 , GlupX* 36.0' (CH 2 

£4 (CH 2 , OCHJh), 66.5- (CH 2 , OCH 2 Ph), 67.0 (CH 2 , OCH 2 Ph> 67 (CH 
CH ^'''-5(CH 2 ,=CH 2 ) >U 7.6(CH 2 ,=CH 2) , XI7 . 8 - (CH; _^ . " 

. ,27.63/ 12 , 77 • 127 . 85 . 12808> > i^^JS 

CH, C(H)-CH 2 ), ,34.3 (CH, C(H)-CH 2 ), ,35.2" (qua,., Ph), 135.3 (qua, Ph) 13, , 
fcuat Ph) , 3 6.4 ^ ph)> 13 , 6 . ^ ph) _ i5s 9 . ^ £ 

^,163.4 (qua,., Cly-CG), ,70.,- ,7,0, ,7,4, Btf (qua,., Pro-CON, 

,743 (quat, Gluy-CO) and 17 4.4 (qua,., G,u,-CO); ^ 0AB+} 69s . 3280 ^ 

<-40«46N3O8 requires 696.3285). 

trifluoroacetate 61 

Freshly sublimed potassium (0 ft Q.0TO2 mmol) was added ,o a 

M auapeua.™ of 1,3^2,4.6.,™^^^^^,.^ 
^borate* « (0.03, g, 0.0792 ta tetruhydromran (s cm2) ^ ^ 

^Tr*r i -»« ~ — - 2 min then a so.ution of 

J^***^ Chloride ^ 

£ benzene (6 cm>) was added and me purple solution was heated a, 80 'C for 35 min 
The da* taown solution was coo.ed to room temper and a soluuon of pr o,ee,ed 

« C for 65 h. The solven, was amoved in w,c 0 and the residue purified by 

chroma,ography(smeagei,hexane:ethyUeeiate,l l 1-2 1-3 l-4..„ ■ ... 
-u,. . .. „ ' ' 1J > '- 4 > 'ogive the metathesis 

product 60 and unidentified oroducttV. mnn^. l 

produces) (0.110 g) as a brown oil: [m/a (FAB+) 668.2982 

At»nreyDocletNo:NItN2105tUS0DBB « 
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(MIT. C 38H42 N 3 0 8 requires 668.2972]. The mixture was subsecuentlv a- i „ • 
methanol/watera i 50 C m^ 3 «^in . , suosequently dissolved in 

(4.1, 50 cm ) and 10 wt. % palladium on activated carbon (0 035 e o <m 

[20% ace«on,«ru e 80% water (contaJnbg 0 . 05% *" ™f 

evaporation iron, a toluene/other mixture and drrtna on a flJTT- 
sro/ frrtr „ fim urvmg on a freeze drier gave 61 (0 045 e 

58/o from 59) as an off white solid. 61 was shown to be a fira - 
) conformers by 'H NMR analvsis fthp i ^ ° f 

2.99 and 3 173 33 T / ^ ^ ^ ^ ^ ^tion of signals at 5 

2 68 m ™ (C °' 104inH2 ° ): * ( 300 MHz; D 2 Q), 1 24- 

w?iy, *f.^ (U.05H, dd, J 11.6 and 4 3 1 1 -m icim J „ 
^ 7.5 and 5.0, 14-H) and 4 59-4 64* (0 7R n . ( **' dd> 

214*217-222««/jf ^ ' ' 14-H); ^ (75 MHz; D2O) 21.0, 

^1.7, 22.2, 23.6, 24.8, 25.2, 28.2, 31 2 * 31 ^ * 11 a ,nx* * „ 

C, SO, 47.5 , (Cft, 17<;)> 4S . 2> (CH2> 3 I » 

»^ »r 14 - C) - 1,62 * ^ °* «« 

35 6 . I S 29f ^nte r C JTo 0) " 4 179 8 (,Uat - "* ^ 

L x ±xi V xrce oasej . CnsI^^O* requires 356 ijooi. m, 

CH^ct™ " ^ ^«WWtt '-33 «. br a, Gtay . 

,« (2H, or o, J 7.0, Gl^-C^CftC*), 2.03-2,7 (3H . 2, 

ffi3^S2K£«"»«»B « Bjqiress Mail No: EV 327 623 047 US 
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^.H, tamk 2 . 3I . 2 . 35 (0 . 78H , m> pro 

G f (218H " ^ G '™ B,) - »"«» 0«. Glya-Hz 
*0> 3.0 (CH 3 , TOffljQtt 2 , ? (CH2 

^ (CH 2 , G.ur-CH^CH.CHA 29.3 (CHj , P^-C), 3 0.9 (CH,. G J. 
^ ^ ^-O, 42.0 (CH, Ghiy-C), 43.0" (CH, Gluy-C), 46. 8 (CH. Pro^C, J- 

WC , „,5 (q , , 29I . CP 3 ), 162 , , 3 , 2 , CFjCOiH) , I6 , 5 ^ • 

66.0 Cy-CO), 17 3.5- (,„„., CO), .74.0 (,,3,., CO), ,74.5' (,»*, CO) 174 8 

^•CO), ,S0.0 (,.,., Gtay-CO) ana ,30.2- ( quat ., GIuy . CO); m/z ^ 3 ' 8 , 978 
[MH(free base) + . C I6 H 28 N 3 0 6 requires 358. 1978]. 
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Example 6: Synthesis of(2S. 9'R 12'Vt ? fm>j> 



salt 




CO z Bn 



17 



.HCI 



CO a C(CH 3 )3 
21 



w IP 



O 3 




12' H I 

Nn^COjH 



COaH 
5 



***** («> 




6S 





\^C0 2 C(CH 3 >, 



(iv) 



CO^CfCH^ 



PCy 3 

Grubbs catalyst = /=Ru'^ a 



Scheme 1 Reagents, conditions and yields- ti\ rs„,M« . , ^ 

0 ftCb,THF,H 2 .RT, >6h then 30% HB^O A c RT 2 ^fh^ M 48 h ' the » DMSO, RT. 24 h <46%V 

(hi) BoP-CI, Et 3 N, CH 2 CI 2 , 0 "C to RT, 24 M^%);^W)^i^02^^M^O^^T,^^ h^^^v' 2 ^' ^* 4 steps); 



oxobicyclo[7.3.0]dodec-6-ene 65 



wi X :r :" iene 17 (o - 1 1 * °- 2 « — 0 . <«, ^ 
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0.024 mmol) was then added, and refluxing continued for a further 24 h. The solution 
was cooled to room temperature, dimethyl sulphoxide (0.16 cm 3 , 2.26 mmol) was added 
and the orange/brown solution stirred for 22 h. The solvent was removed in vacuo and 
the residue purified by chromatography (Si0 2 , hexanes-ethyl acetate, 3:1, 2:1, 1:1) to 
give an almost colourless oil which was further purified by chromatography (C, 8 RP 
silica, 100:0, 9:1, 9:3, 1:1, 1:9, water-acetonitrile.) to give alkene 65 (0.046 g, 46%) as a 
colourless oil. Alkene 65 existed exclusively as the trans C(0)-NPro conformer. In 
addition, restricted rotation about the N-CO carbamate bond was also observed resulting 
in a 1:1 mixture of conformers: [a] D -243.9 (c 0.27 in CH 2 C1 2 ); ,5k (400 MHz; CDC1 3 ; 
Me 4 Si) 1.49 [9H, s, C(CH 3 ) 3 ], 1.84-2.34 (5H, m, 8-^H B , 10-H 2 and 11-H 2 ), 2.98-3.08 
(1H, m, 8-H A ^), 3.69-3.88 (2H, m, 5-H A K B and 3-^H B ), 4.0 (1H, p, J 7.6, 9-H), 4.33- 
4.61 (3H, m, S-H A H B , 3-H A // s and 12-H), 5.10-5.30 (2H, m, OC# 2 Ph), 5.51-5.65 (1H, m, 
6-H), 5.98-6.09 (1H, m, 7-H) and 7.29-7.38 (5H, m, Ph); * (100 MHz; CDC1 3 ) 27.2 
(CH 2 , 11-C), 28.0 [CH 3 , C(CH 3 ) 3 ], 33.9 (CH 2 , 8-C), 35.1 (CH 2 , 10-C), 42.2 (CH 2 , 5-C), 
42.3 (CH 2 , 5-C), 45.7 (CH 2 , 3-C), 45.9 (CH 2 , 3-C), 59.5 (CH, 9-C), 59.6 (CH, 9-C), 61.2 
(CH, 12-C), 61.3 (CH, 12-C), 67.4 (CH 2 , OCH 2 Ph), 67.5 (CH 2 , OCH 2 Ph), 81.4 [quat., 
C(CH 3 ) 3 ], 81.5 [quat., C(CH 3 ) 3 ], 125.8 (CH, 6-C), 126.0 (CH, 6-C), 127.7 (CH, Ph), 
127.8 (CH, Ph), 127.81 (CH, Ph), 127.9 (CH, Ph), 128.3 (CH, Ph), 132.0 (ChA-C),' 
132.4 (CH, 7-C), 136.5 (quat., Ph), 155.8 (quat., NC0 2 ), 156.2 (quat., NC0 2 ), 167.2 
(quat., 2-C), 167.4 (quat., 2-C), 171.2 (quat., 12-CO) and 171.4 (quat., 12-CO); m/z (EI+) 
414.2154 (M*. CaHaoN^s requires 414.2154). 

(^PS)-l,4-Diaza-4-tert-butylo JO 'carbonyl-2-oxobi^ 
acid 66 



To a stirred solution of alkene 65 (0.12 g, 0.29 mmol) in tetrahydrofuran (4 cm 3 ) was 
added platinum oxide (0.0066 g, 0.029 mmol) under a flow of nitrogen. The mixture was 
hydrogenated (1 atm of H 2 ) for 16 h, filtered through Celite™, and the solvent removed in 
vacuo. The residue was dissolved in a solution of hydrobromic acid in acetic acid (30% 
30 w/w, 3 cm 3 ) and stirred at room temperature for 2 h. Removal of the volatiles in vacuo at 

^S^SoSci 0511780 ^ 67 Bx pr essMa ilN o:EV3 27 62 3 047US 
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3 " ^^y^^^^^^^^ 

~ C (3 ^ Di<> — <* - 3 > - »- — and dicarbona ' 

* solunon (0.0,76 g, 0.350 nunc.). The resuhan, suspension was steed tm 24 

« * t . ^ (0 07S & 0 3504 mm ° 1) - » d continued for a 

72 h. Wa.ec 00 on,') was added, fte sohttion washed wift ach.oro m eftane aid 
fte anu^us iayer acidified wift 2 M aqueous hydrochloric acid and ex.rac.ed wift 
d, hloromeftane. The combined organic .ayers were dried (Na.SO,), fihered and ft. 

2. .0, 2.1.0.3, hexanes-efty, actide-acetic acid,) <o give «*« (0.074 g, , 78%) as a 
oofcurtess on. Acid 66 existi* excWely as fte , w cfO-NPro conrWr hr 
addrhon, co-ation abou, ft. N-CO carbamate bond was aiao observed resulting 

c,ch HT ° f COn&nnerS: * (4 °° ^ M * si) '- 23 - 1 - 48 [»H, nr, 

hT Km, m ° r ^ l 54 - 182 (5H - «• >0-H^a and 6- 

™Z ™?T 0a * ,WMa 21 °- 233 (2H ' - 1 278 OH. .d, j 

12.7 and 2 6, WW 3.78-3.95 (2H, m, 5- Ha% and 3-H), 4.20-4.30 (1H, m, 9-H), 4 52 
(0.5H, d, J ,7.7. 3-tf.Ha), 4.62 (1H, ,y 8.6, 12-H) and 4.76 (0.5H, d, J 72 3^ 
* (100 MH, CDCW 22.2 (CH 2 , 6-C or 7-C), 27.6 (CH 2 , 6-C or 7-Q 24 3 (^ To 

24.8 (CH, 1 ,-C), 26.8 (CH 2 , 6-C or 7-C), i 7 .9 (CH,, 6-C or 7-C), 28 3 

32.6 (CH 2 , 10-C), 33.1 (CH 2 , 10-C), 34.8 (CH 2 , 8-C, 35.3 (CH 2 , 8-Q 5 ^ C ) 

CH ^ iZT 2 - ^ (CH * 3 " C) - 5 " « *' £Z « 

S .700 T;^ S0 - 7 [,Mt - C(CH3W - 1548 

rT', Li? ' X I7 °' 5 ^ " 1741 »0 «™ .2- 

CO); m/z (FABH-) 327.1925 (MH*. C^O, requires 327.1920). 



<2S. 9S, '*S>-Di^-b« t yl2.{ [ <r,r^^-. ten . l ^ l ^^^ U2 ,_ 

Bi^-oxo^-oxazohdinyDpho^hinic chloride (BoP-C.) (0.08 g, 0.31 mmo.) was ^ 
to a solution of acid 66 (0.07 a 0 20 m m „n r i . • 

.our g, 0.20 mmol), L-glutanuc acid di-te«-butyl ester 
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hydrochloride 21 (0.085 ft 0.289 mmol) and triethylamine f0084 J n «o 
diohloramethane (7 cm s ) at 0 "C Th. • ., ' ° mm0l) fa 

— a,„ eJ so< « j, ;i g c M ^ &r 24 ^ "* 

Nco 2) , ,«4 (quat ., ^ *; 8 (q ^^ ] : ,Mt ' NCQ!) - ,55 ' 5(qua '- 

/ 9 *w.o vquat., z -cj 170.6 (quat n'-fn in c ™ « 
(qua.., 12--CO, ,-C, 5-C) and 17 1.8 (qua, 12 --CO 1 c7 « J ^ 8 



(5.2, v/v) and stoed at roan, ^ for 4 1 Bvaporatjon Q{ ^ 



10 



voto.es, and subsequent punficanon by RP-HP^ [water (0 . 05% 

*« on a ^ dHer. Mae^e.e M exited elusive* as a. ,™ C «£2 

^ "V* 4 ' 13A **** <W 3--H^„ and 9--H,, 4.45 ,H 

24.06(CH 2> 6-Cor7'^,24. I (CH 2 ,6-^or7-^) ; 25.7(CH 2 3-Q 277frH 

51.8 (CH, 2-C),61.9 (CH, 12'-C), 62.8 fCH 9' ins or * r« 

ftp-. . y 35.2, CF 3 O0 2 H), 16 4.7 (oust, 2--C), ,73.4 (una,., .^O), , ^ T 

3^223 (,uat - 5 -° ); - ~»» »• ^- c« CJ: 



15 
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E*«.npU 7= Syn.Hes* of (2S, 3% 




0ft SSJ-N-teH-Butoxycarbonyl-a^lfylgfycine-S^ tert-butyl , 
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W.AT-Dicyclohexylcarbodiimide (0 0S7 0 n 0-7*1 ~ n 

of amine ,4 (0 053 g 0 251 m T l ^ ^ «° ' ^ "**■ 

0.2761 mmol) m dichloromethane ^ a*. B ' 

Rioy-k oc „ , , * ^ciare, /a, 5.1) to afford diene 69 (0.083 e 

oi/o) as a colourless oil Diip , . 1 WM ©> 

oil. Due to the complexity of the NMR spectra, the data is not 
reported; jh/z (FAB+) 409 2707 fMT^ r u vn not 
v / /U7 (MIT. C22H37N 2 0 5 requires 409.2702) 
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(8S, 1 ^)-l-Aza.2^3.ten-but<^carbonylamino^ll.t e rt. 
^oxycarbonylbicyclo[6.3.0Jundec-5-e„e 70 

To a degassed solution of diene 69 CO 051 »n™ 

3% * g ' 0129 mmo1 ) m dry dichloromethane cv> 

»«^M^«-^ deride ^J^X 

ft 0.0129 mmol) was added and refluxing continued for a further 48 h „fl J T 
another portion of Grubbs candy* (0 Oil a 0 01,0 n ^ 

refhrxed mr an addition*, 24 T tH ' ' ^ S °" ttion 

oraonai Z4 h. The orange/brown solution was cooled to mm , 
temperature, dimethyl sulphoxide (0 151 em' t o,< „ ™ 

sorted overnight. The Lent In Z'J 7 **" " W - 

^ivwit was removed m vacwc? and the residue rm™^ u 

chromatography (silica gel, hexanes:ethyl acetate 4 3 3-1 2 n to t * 

& 39o/o) as an off-white solid Alkene 70 u ' *** ? ° (0 0237 

SOUd - AIkene 70 w as shown to be exclusively fra/w C CC» NPr« 
conformen mp 175-195 °r- r«i o/i o , « <-(U)-NPro 

(1H, td, J 11.0 and 5 9 10-Ar.HVl ■> 11 •> ™ 1.82 

(1H brm 1 2 4 ,^ !, ^ m ' 9 " Ha% 10 - H **«>. "7-2.40 

m, 2 . 49 (1H , br d> y ? Ha%) 2 j5 2 ^ ^ ^ ^ 
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2 «« OH, m,4-H^), 4.40 (.H,dd, 78.6 and 4.2, ,1-H) 44S 4 6 2l3H , „ 
H), 5.62-5.68 (2H, m, H-6 and N-H) and 5 80 5 90 nu f ^ 

(quat., 2-Q and 171 2 (ana, l . r™ , (,Mt ' NCO;) - 169 6 

380.2311). ^ ' ^ ■* ^ <^ QAM* re^ 

Alkene 70 (0 021 o nncc 

dichlo^ettane:^^^ , ^T^V. *■ 
— yielded an „i, 0m, was ^ ^ * k ^ ° f * 

0.066 -oo ma ta ^ m d ' Cari,0nate (0 01S * 

reaction waa dimted with water nnn, T """"" ** 21 " 1116 

dichtaomethane T* " """^ OTd — « «*> 

Hentova, „ f rae so,ven, „ JL j^ZT^~*»«~<* 
dfchloromethane (3 cm»> Gl„,» • ■„ ( 8> WaS dissolv «" *> 

0- JT^T tTT.x 5^ " ^ & 

0.092 mmol) and bis,2 ov n i ... ' Mto 0 C Tnethylamine (0.013 cm 3 , 

oy ana ^-oxo-S-oxazohdmyljphospmnic chloride (BoP m,n», 
mmol) were, added and me mixhtre stirred lor 19 h The ^ h * ^ 

with saturated a,ueo„s sodium hydrogen carlle 2 M ? ™ 

and me so, V en, removed 1 ,27^^-*- 

chromatograpny (silica gel. hex m e:em yIacetate 21 1 >! ^ " 
8. 60%, 3 steps) ag . colourIess oii . ' ' ' ^^73 (0.0.25 

™* MeaSi) ,.45-1.48 [27H. a, 3 x Sb , 1 « i ^ " ^ * (W »°* 

M WWW 2.02-2.4 (7H m 10^ » f B °* ^ 

OH. or d, , ,7.4, 7,^X2^ J ^ - ^ 2.5. 

* W m, 4 -^H B ), 2.70-2.80 (1H, m, 4 'JW% 
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4.39-4.48 (2H, m, ll'-H and 2-H), 4.52-4.62 (2H, m, 8'-H and 3'-H), 5.63-5.69 (1H, m, 
6'-H), 5.78-5.84 (1H, m, 5'-H), 5.91 (1H, br s, N-H) and 6.73 (1H, d, J 7.0, N-H);' <5fc 
(100 MHz; CDCI3) 25.4 (CH 2 , lO'-Q, 27.2 (CH 2 , 3-C), 27.9 [CH 3 , C(CH 3 ) 3 ], 28.0 [CH 3 , 
C(CH 3 ) 3 ], 28.3 [CH 3 , C(CH 3 ) 3 ], 31.3 (CH 2 , 4-C), 32.5 (CH 2 , 5'-C), 33.3 (CH 2 , 9'-C), 
33.7 (CH 2 , 7'-C), 52.3 (CH, 2-C), 56.3 (CH, 3'-C), 57.8 (CH, 8'-C), 61.9 (CH, ll'-Q,' 
79.7 [quat, C(CH 3 ) 3 ], 80.6 [quat., C(CH 3 ) 3 ], 82.0 [quat., C(CH 3 ) 3 ], 127.9 (CH, 5»-C),' 
128.6 (CH, 6--C), 155.4 (quat., NC0 2 ), 170.4 (quat, 2'-C), 170.8 (quat., CO), 171.7 
(quat., CO) and 172.6 (quat., CO); 



(2S, 3 'S, 8'S,11 'S)-2-{[(3 '-Amino-1 '-aza-2 '-oxo~bicyclo[6.3. 0]undecyl)-l 1 '- 
carbonyl]amino}-l,5-pentanedioic acid trifluoroacetate salt 74 

Pt0 2 (0.001 g, 0.0042 mmol) was added to a stirred solution of amide 73 (0.012 g, 0.021 
mmol) in ethyl acetate:trifluoroacetic acid (5:3, v/v, 8 cm 3 ) under a nitrogen atmosphere. 
The mixture was hydrogenated (i atm. of hydrogen) overnight, filtered through Celite™, 
and the solvent removed in vacuo. NMR and HPLC analysis showed the reaction to be 
incomplete (both double bond and protecting groups remaining). Thus Pt0 2 (0.0003 g, 
0.0126 mmol) was added to a stirred solution of the residue in tetrahydrofuranrmethanol' 
(1.1, v/v, 2 cm 3 ) under a nitrogen atmosphere. The mixture was hydrogenated (1 atm. of 
hydrogen) overnight, filtered through Celite™, and the solvent removed in vacuo. The 
residue was dissolved in dichloromethane (3 cm 3 ), trifluoroacetic acid (1 cm 3 ) added and 
the solution stirred for 4 h at room temperature. Removal of the volatiles in vacuo. 
purification by RP HPLC [90% water (containing 0.05% trifluoroacetic acid):10% 
25 acetonitrile, 13 ml min- 1 ] and drying on a freeze drier gave 74 (1.4 mg 12%, from 73) as a 
thin film. Due to the small amount of sample obtained an optical rotation was not 
recorded: <fc (400 MHz; E^O) 1.74-2.42 (14H, m, 5'-H 2 , 6'-H 2 , 4'-H 2 , 9'-H 2 , 3-H 2> 7'-H 2 
and 10'-H 2 ), 2.52 (2H, t, /8.8, 4-H 2 ), 4.3-4.4 (1H, m, 2H), 4.43-4.5 (1H, m) and 4.62- 
4.69 (1H, m); * (100 MHz; E^O) 22.3 (CH 2 ), 25.4 (CH 2 ), 28.4 (CH 2 ), 29.0 (CH 2 ), 30.2 
30 (CH 2 ), 32.4 (CH 2 ), 33.7 (CH 2 ), 53.9 (CH), 55.1 (CH), 60.2 (CH), 62.8 (CH), 168.1 (quat, 
CO) and 1 73.7 (quat, CO); Note: due to small- amount of sample 2 quaternary carbons 
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- ,0, -* (FAB + ) 356.18,6 [MH(ftee base) . 

<-i6H 26 N30 6 requires 356.1822]. 

/« Testing 

The following Examples are previded to demonstrete features of Ms 
invention, n, are oo. intended to be .uniting, a„ d other compositions md methods 
tins tnvention can be developed without undue experimentation. All of those 
compositions and methods are considered to be par. of .his invention. All references cited 
herein are incorporated fully by reference. 

All me following experiments were carted ou. using protocols deveIoped ^ 
gutdehnes approved by the University of Auckland Animal Ethics Committee. 

Exwnple gt Effects of Cyclic G-ZAllylP „« Cerebellar Cell Explants 

To detemtine the effeote of dtecompounds of th. invention on neuronal cells in 
vuro, a series of studies was carried ou, using cerebellar explants from adul. mts. /„ vrtm 
systems are suitable for stedying neurons, proliferation, neurite grow*, formation of 
nerve bund.es and effects of toxins on nenre. cells, efforts ma. paralle. effects observed in 
™. Thus, result of studies using in v*,o cerebeto explants are predictive of effects of 
interventions in vivo. 

In a firs, series of studies, effects of g.utamate on cerebeUar explants were 
detennmed. At physiological concenttations, ghttamate is a neurotiansmitter in tire CMS 
of mammals, including humans. However, a, sufficient* high concentrations, ghttamate 
■s neuretoxto, resulting in nonrenal ce.1 death. Because g.utemate is a naturally ocourring 
neurotiansmitter in me CNS of mammafe, including humans, and because ghttamate 
neuretoxtctty is recognized in me an as reflective of neurotoxicity in generel, and 
■nchrdtng ce.1 death and degeneration, it is a valuable too. usefu, for identifying at* 
chamctenzmg agents effeetive in tieatinen, of neuredegeneration and neura! cel. death 



30 



Attorney Docket No: NRNZ 1 051 USO DBB 7« 
dbb/NRNZ/1051 US0.001.doc KJOUUaa 75 



Express Mail No: EV 327 623 047 US 



Materials and Methods 

Cover slips were placed into a large Petri dish and washed in 70% alcohol t , 
minutes, then washed with Millipore H,0 Th.o r * 5 

withPolvnr^- n , mp ° reH2 °- The cover slips were air dried, and coated 
withPoIy-D-Lysme (1 mg/ml ^ pfis fc2 ^ ^ ^ — 

5 Extraction of CerebeUar Tissue 

Postnatal day 8 Wistar rats were used for the studv ru ♦ 
placed in ice for 1 ™ * . . y * ^ rats were sacrificed and 

L^ZTti ' Pitated 1116 C6rebellUm ™* and placed on ice 

cerebellum tissue was placed in 1 ml of n , ' 

^ck D f^' ' ^ °"- 6 ^ 0 *— 1*— M MS (!0 „ 65% 
10 triturate „ , , - 3 dlSh ' cho PP ed U P into smaller 

secitions and 

pore size gauze) mi „ „ ' 71,6 ttSSUe ™ 3 ^ «*o»l* (,25,™ 

Cultivation of CerebeUar Cells 

START Woe,, t T " ^ * "» - - 

20 (scmemen, period). START V^' ^ n , " CUba ' ed ** 2 ""^ * 34 ' C 

ou«iva.ed a. 34- C in ^ *" "** "> "» P «« ** and 

^a, 3 4C 1 n Ul ep r e S e n ee„« % cO 2 i n ai r a tl 0O%hu m id^ f or4 8 hou re . 
Drug Application 

25 oo^ol ,^ 2 ,00mM to — ■• - 

M tOXU1 2 (3-nitropropionic acid- 50mM „r 7 • 
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Methods for Determining Drug Effects 

After explants were exposed to drugs for the study period, cells were then rinsed 
in PBS and then fixed in increasing concentrations of paraformaldehyde (500*11 of 0.4% 
PFA was applied; then 1.2% PFA; then 3% PFA and finally 4% PFA (each fixation step: 
2-3 minutes). Finally, the microexplants were rinsed in PBS. 

Neurons in the explants were then evaluated for morphology (presence of 
neurites) and counted as five cells per microscopic field. Four fields displaying highest 
cell density were counted per cover slip and the data presented as mean ± standard error 
of the mean (SEM); n= 4 each. Statistical significance was evaluated by using the non- 
paired Student's t-test. 

Results 

The results of the study are shown in Figure 1 and Figure 2. Glutamate treatment (1 mM) 
resulted in about an 80% loss of cerebellar neurons having neurites compared to vehicle- 
treated controls. In contrast, administration of (2S, 3'S, 8'R, US) 2-{[(3 '-Amino-l'^ 
™-2'-oxobicyclo{6.3.0]-undecyl)-U'-carbonylJam acid 
trifluoroacetate salt 48 and (2S, 9'R, 12'S)-2-{[(l\4'.Diaza-2'- 

oxobi<yclo[7J.0Jdode<yl).12'- C arbonyl]amino}-l,5-pentanedioic acid trifluoroacetate 
68 (Figures 1 and 2 respectively) significantly increased the numbers of cells having 
neurites in a dose-dependent manner when administered simultaneously with glutamate. 
Treatment with (2S, 3'S, 8'R, U'S) 2-{[(3'.Amino.l'.aza-2'-oxobicyclo[6.3.0]. 
tmdecyl)-ir-carboryl]amino}-l,5-pentanedioic acid trifluoroacetate salt 48 and (2S, 
9 % 12 'S)-2-{[ (1 \4 '-Diaza-2 '-oxobicyclo[7.3.0]dodecyl)-12 '-carbonyl]amino}-l,5- 
pentanedioic acid trifluoroacetate 68 (Figures 1 and 2 respectively) showed a significant 
recovery from glutamate-induced neurotoxicity. 



Conclusions 

Treatment with (2S, 3'S, 8'R, ll'S) 2-{[(3'-Amino-l'-aza-2'- 
30 oxobicyclo[6.3.0]-undecyl)-ll'-carbonyl]ammo}-l,5-pentanemok acid trifluoroacetate 
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What is claimed is: 



1 . A compound having the formula: 




H 2 N 

or a phaimaceuticaUy acceptable salt or hydrate thereof, wherein 

R 1 and R 2 are independently selected from the group consisting of -H, -OR', -SR', 
-NR-R', -N0 2 , -CN, -C(0)R', -C(0)OR', -C(0)NR-R', -C(NR')NR'R', trihalomethyl,' 
halogen, alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted 
heteroarylalkyl; each R' is independently selected from the group consisting of -H, alkyl, 
heteroalkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 

X is a linear alkyl or alkenyl chain of C 0 -C 3 . 

2. A compound having the formula: 

H 2 N 

or a pharmaceutically acceptable salt or hydrate thereof, wherein 

I 2 

R and R are independently selected from the group consisting of -H, -OR*, -SR', 
-NR«R', -N0 2 , -CN, -C(0)R', -C(0)OR', -C(0)NR'R«, -C(NR')NR'R', trihalomethyl,' 
halogen, alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted 
heteroarylalkyl; each R' is independently selected from the group consisting of -H, alkyl, 
heteroalkyl, alkenyl, alkynyl, aryi; arylalkyl, heteroaryl and heteroarylalkyl and; 

X is a linear alkyl or alkenyl chain of C 0 -C 3 . 

*SS' 1 S?soS <,51USODBB 79 Bxp« s sM.aK« : BV3 2 7 6 23047US 




3. A compound having the formula: 




or a pharmaceutically acceptable salt or hydrate thereof, wherein 

R and R 2 are independently selected from the group consisting of -H, -OR', -SR', 
5 -NR'R', -NO* -CN, -C(0)R', -C(0)OR, -C<0)NR-R', -C(NR')NR'R' > trihalomethyl,' 
halogen, alkyl, substituted alkyl, heteroaDcyl, substituted heteroalkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted 
heteroarylalkyl; each R' is independently selected from the group consisting of -H, alkyl, 
0 heteroalkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 
X is a linear alkyl or alkenyl chain of Co-C 4 . 




4. A compound having the formula: 

15 or a pharmaceutically acceptable salt or hydrate thereof, wherein 

R and R 2 are independently selected from the group consisting of -H, -OR', -SR*, 
-NR'R', -N0 2 , -CN, -C(0)R', -C(C-)OR\ -C(0)NRR', -C(NR')NR'R«, trihalomethyl, 
halogen, alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted 
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted 
20 heteroaryl, arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted 
heteroarylalkyl; each R' is independently selected from the group consisting of-H, alkyl, 
heteroalkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 
X is a linear alkyl or alkenyl chain of Co-C 4 . 

25 5. A compound having the formula: 
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or a pharmaceutically acceptable salt or hydrate thereof, wherein 

R is independently selected from the group consisting of -H, -OR', -SR', -NRR* - 
NOa, -CN, -C(0)R, -C(0)OR, -C(0)NR'R', -C(NR ')NR'R', trihalomethyl,' halogen, alkyl, 
5 substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted heteroarylalkyl; each R' is 
independently selected from the group consisting of -H, alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 
10 X is a linear alkyl or alkenyl chain of Co-C 4 . 

6. A compound having the formula: 

NH 2 

or a pharmaceutically acceptable salt or hydrate thereof, wherein 

R is independently selected from the group consisting of -H, -OR', -SR', -NR'R', - 
N0 2 , -CN, -C(0)R', -C(0)OR', -OCONRR', -C(NR')NRR', trihalomethyl,' halogen, alkyl, 
substituted alkyl, heteroalkyl, substituted heteroalkyl, alkenyl, substituted alkenyl, 
alkynyl, substituted alkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,' 
arylalkyl, substituted arylalkyl, heteroarylalkyl and substituted heteroarylalkyl; each R* is 
independently selected from the group consisting of -H, alkyl, heteroalkyl, alkenyl, 
alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl and; 
X is a linear alkyl or alkenyl chain of C0-C4. 

7. A compound having the formula: 
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9?. 

H 2 N COzH 

or a phannaceutically acceptable salt or hydrate thereof, wherein 

R is independently selected from the group consisting of -H, -OR', -SR -NR r R' 
N0 2 -CN, -C(0)R, -C(0)OR, . C „ R , trihalon.ethyl h^ aL _ 

217"^ heterOElky1 ' SUbSteed -* * ^ 

allcynyl substituted afcyny,, ^ substituted 

« substituted arylafcyl, heteroarylalleyl and substituted heteroarylal k yl 
gently selected from the group consisting of -H, alfcyl, Zo£tl* 
alkynyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl. 



8. 



A compound having the formula: 

H 




15 



20 



25 



C0 2 H 

or a pharmaceutical* acceptable salt or hydrate thereof, wherein 

R ts independently selected from the group consisting of-H, -OR', -SR' -MR*' 

NO, -CN -C(0)R., -C(0)OR', -C(0)NR.R., .C WNRR , trihalontcdtyl, ha^gen 2" 

— ed hefcroafcyl, aKeny,, 
^ suhstititted a.kynyt, ^ substituted ^ ^ ^' 

™, substituted arylaKy,, hetemarylaUcy, and substituted hetemarylalkyl; each ^ 
mdependemly se,ec,ed from the group consisting of -H, alkyl, betem^!, j£ 
Hwyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl. 

9. A cotnpoundofFonnula , orFo„nula3 whereR' -CH(COOH M CH 2)2 ^OOH 

10. A compound of Formula 1 or Formula 3 where R 2 = methyl 
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11. A compound of Formula 1 or Formula 3 where R 2 = allyl 
12: A compound of Formula 1 or Formula 3 where X = -(CH 2 ) 3 - 
5 13. A compound of Formula 1 where X= -(CH 2 ) 2 - 

14. A compound of Formula 3 where X = -(CH 2 ) 4 - 

15. A compound of Formula 1 where X= -CH 2 -CH=CH-, (where the CH 2 of X is 
1 0 adjacent to the carbon attached to the NH 2 group) 

16. A compound of Formula 3 where X = -CH 2 -CH=CH-CH2- 

17. A compound of Formula 1 where R»= -CH(COOH)-(CH 2 ) 2 -COOH; R 2 =Me- X= - 
15 (CH 2 ) 3 - 

1 8. A compound of Formula 3 where R'= -CH(COOH)-(CH 2 ) 2 -COOH; R 2 =H- X= - 
(CH 2 ) 4 - 

20 19. A pharmaceutical composition comprising a compound of one or more of 
Formula 1, Formula 2, Formula 3 or Formula 4, Formula 5, Formula 6, Formula 7 or 
Formula 8 and apharmaceutically acceptable excipient. 

20. A pharmaceutical composition comprising a compound of one or more of 
25 Formula 1, Formula 2, Formula 3 or Formula 4, Formula 5, Formula 6, Formula 7 or 

Formula 8, a pharmaceutically acceptable excipient and a binder. 

21. A pharmaceutical composition comprising a compound of one or more of 
Formula 1, Formula 2, Formula 3 or Formula 4, Formula 5, Formula 6, Formula 7 or 

30 Formula 8, a pharmaceutically acceptable excipient and a capsule! 
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22. A method of treating a patient to protect neurons otherwise destined to degenerate 
or die as a result of an injury or disease, comprising administering to a patient an 
effective amount of one or more compounds of Formula 1, Formula 2, Formula 3 or 
Formula 4, Formula 5, Formula 6, Formula 7 or Formula 8. 

23. The method of claim 22, wherein the disease is characterized by apoptotic 
neuronal death. 



24. The method of claim 22, wherein the disease is characterized by necrotic neuronal 
10 cell death. 



25. The method of claim 22, wherein me disease is characterized by neuronal cell 
degeneration. 

15 26. The method of claim 22, wherein the injury results in necrotic neuronal cell death. 

27. The method of claim 22, wherein the injury results in apoptotic neuronal cell 
death. 

20 28. The method of claim 22, wherein the injury results in neuronal cell degeneration. 

29. The method of claim 22, wherein the disease is selected from the group consisting 
of and Huntington's disease, Alzheimer's disease, Parkinson's disease, multiple sclerosis, 
amyotrophic lateral sclerosis, peripheral neuropathy, spinal muscular atrophy, 

25 Creutzfeldt-Jakob disease, AIDS dementia, progressive supranuclear palsy 
myelinopathia centralis diffusa (vanishing white matter disease), chronic 
neurodegenerative disease, Down's syndrome, leukoencephalopathy, Schilder's disease. 

30. The method of claim 22, wherein the injury or disease is a result of one or more 
30 conditions selected from the group consisting of neuroblastoma, head injury, traumatic 
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brain injury, stroke, ischemic injury, hypoxic injury, reperfusion injury, epilepsy, cardiac 
artery bypass graft surgery, toxin damage, radiation damage, or asphyxia. 

31. The method of claim 22, wherein the injury or disease is a result of an 
5 inflammatory condition. 

32. The method of claim 22, wherein the injury or disease is a result of one or more 

conditions selected from the group consisting of chronic or acute encephalomyelitis, 

encephalitis, optic neuritis, transverse myelitis, meningitis, panencephalitis, Devic's 

10 disease, progressive multifocal leukoencephalopathy, central pontine myelinolysis, and 
neuromyelitis optica. 

33. The method of claim 22, wherein the disease is a result of schizophrenia or 
depression. 

15 

34. A method of claim 22, wherein at least one other anti-apoptotic, anti-necrotic or 
neuroprotective agent is administered. 

35. The method of claim 34 where the other anti-apoptotic or neuroprotective agent is 
20 selected from selected from growth factors and associated derivatives (insulin-like 

growth factor-I [IGF-I], insulin-like growth factor-H [IGF-H], transforming growth 
factor-01, activin, growth hormone, nerve growth factor, growth hormone binding 
protein, IGF-binding proteins [especially IGFBP-3], basic fibroblast growth factor, acidic 
fibroblast growth factor, the hst/Kfgk gene product, FGF-3, FGF-4, FGF-6, keratinocyte 
growth factor, androgen-induced growth factor, int-2, fibroblast growth factor 
homologous factor-1 (FHF-1), FHF-2, FHF-3 aud FHF-4, karatinocyte growth factor 2, 
glial-activating factor, FGF-10 and FGF-16, ciliary neurotrophic factor, brain derived 
growth factor, neurotrophin 3, neurotrophin 4, bone morphogenetic protein 2 [BMP-2], 
, glial-cell line derived neurotrophic factor, activity-dependant neurotrophic factor, 
30 cytokine leukaemia inhibiting factor, oncostatin M, an interleukin, a- interferon, 0- 
interferon, y- interferon, consensus interferon, TNF-a, clomethiazole; kynurenic acid, 
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adrenocorncotropin-(4-9) analonie ropo rr«i . • • „ PK>paaoI, 

' analogue [ORG 2766], dizolcipme [MK-801], selegiline a 

glutamate antagonist, an AMPA antagonist, and an a^-taflammatory ag ent 



5 36 Tta method ofciaim 35 whe.it, sa id giutamate Agonist is footed from the 
group consisting of NPS1506, GV1505260, MK-801 and GV150526. 

37. The method of Cairn 35 whereto said AMPA antagonist is selected fiom the 

.o ™Zd™r my ^^ ™- 

38. The method of date, 35, wherein said anti-inflammatory agent is selected from 
*e group consisting of an anti-MAdCAM-, antibody and an antibody agahts, an inlegrin 
<x4|31 receptor and an integrin a407 receptor. 

15 

39. Themeftod of claim 38 wherein said auti-MAdCAM-l antibody is MECA-367. 

40. The mefliod of claim 22 whe re the cempound is (2S, 3'S, 8'R, I , -S) 2 .,,, y _ 

20 a^mfl ^T^^"^^^^ 
*v acid tnfluoroacetate salt (48). 



41. The method of claim 22 where the compound is (2S, 9'R, J2'S>2-{[(1- a'-Diaza- 
^obicyc.o f 7.3.03dodecy,>U--cs^y ^-1^ acid 11^ 

25 

42. The method of claim 22, wherein said condition is hypoxic eschemia. 

43. The method of claim 22, wherein said condition is neurotoxicity. 

30 
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ABSTRACT 



Embodiments of this invention provide novel peptidomimetics that ™ t ■ 

for treatment of leases, injuries and otter conditions characterised by JL. 

degeneranon and/or deatt. Compounds are a!so useful for manufacture tf I 

useful for treatment of such conditions mettcaments 
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P7-cerebellar microexplants 
injured by 0.5m M 
3NP/glutamate and rescued by 
cis-ot-allylgly^-allylProRcM 




D vehicle 
c=i3NP/ a iutamate 
BiG^promate 

^ cfs-a-allylgiy^-aHylProRCM (48) 
** |X0.01 (N=S) 
*** p<0.001 



Cells were fixed after 48hrs. loopM 

^Z-fWto-S-XWroRCM leads 
to 31.1% recovery from injury. 



10 



Figure 1 
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400 



Cerebellar m ic roex plants 
injur d by 0.5mM 

3-NP/giutamate and rescued by 
Cls4g-afiyigi y ^- a ,^, ProRCM y 




c=l vehicle 

a3-NP/glutanale 
■■Gtypromate 

^CIs-N-aMg^S-^ProRCM (66) 

** p<aoi <n=*ib 
*** p<aooi 



M 100pM Of 

C ^^ l *to**WProRQM confers 
3a6% recovery 4»irsjrterthe 
insult. 10nMGfypromate confers 
1&7% protection from 
oxldartrve/exdtotoxic stress. 



10 



Figure 2 
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